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Keep that 
tractor 
moving ... 


by obtaining a Factory reconditioned - 

~ replacement Magneto, Distributor, Starter, 
Dynamo or other electrical unit through 
the Lucas “B90” Scheme. Specially created 
to help the farmer, it provides an 
Immediate Exchange Service and prevents 
that idle waiting period while a repair is 
undertaken. 


Full details of this scheme from your local Lucas 


yeas 


B9S9O SCHEME 


IMMEDIATE EXCHANGE SERVICE 


JOSEPH LUCaAs LIMITED - BIRMINGHAM 19 


This 
is the famous 


Ferguson Tractor 


i 


i THE FERGUSON TRACTOR is one of Britain's leading 
exports. A $20,000,000 American order, a £2,000,000 French 
order and other orders from Europe and the Commonwealth 
are already bringing £7,000,000 to Britain. 

The Ferguson tractor, as part of the Ferguson System of 
complete farm mechanisation, is in world-wide demand by 
farmers because it enables them to produce more food at less 


cost from every available acre. 


*Every week more than 1,000 Ferguson tractors are 

produced in the Banner Lane factory of Standard 

Motor Co, Ltd., and more than 5,000 Ferguson imple- 

ments by foremost British manufacturers, for Harry 
Ferguson Ltd., Coventry. 


FERGUSON SYSTEM 


FARM BETTER, FARM FASTER WITH 


Ferguson 
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THE LC... MARK 3 
GRASS 


DRYING 
MACHINE 


The Farm Drying Plant 


of Proved Performance 


Inereased production in 1948 
is easing the delivery position 


Enguiries should be addressed 


to the mearest 1.C.1. Sales Office 


IMPERIAL CHEMICAL INDUSTRIES LTD. ES 
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Maximum fastening efficiency 

without the aid of auxiliary 

locking devices is assured when 
ODDIE NUTS are used. 


Quickly fitted in the ordinary way, 
they hold fast even under the most 
adverse conditions of service, yet are 
easily adjusted or removed without 
impairing utility. 


Eminently suitable for use on f rm 
tractors, implements and machinery. 


Standard and Special types and sizes 
to meet every nut requirement are 
availablethroughImplement Engincers 
and Garages. For trial purposes, 
boxes of one gross assorted sizes 
(Auto. Whit., BSF or BA) can be 
supplied. 


As they’re put.. 
so they stay 


Udit 


Patent Nos. 513344 and 551214 


BrownBrothezs 


THOMSON sna BROWN BROINERS LIMITED 
BROWN BROTHERS (AIRCRAFT) LID, GROWN BROTHERS (IRELAND) (10, 


Wholesale only: 
Head Offices and Warehouses: 
Browns Buildings, 
Gt. Eastern St., London, E.C.2 
126, George St., Edinburgh, 2 
and Branches. 
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WALLACE 


MILKING MACHINES } 


THE BEST MILKING MACHINE \ 


| | : 
{ 
The “WALLACE” has all the essential features that go i 


to make a first-class mechanical milker. There are only 
five small tubes—four tubes 5 ins. long and one tube \ 
24 ins. long—between the cow and the milk bucket; 
the milk bucket is treble tinned, seamless, and has 
no corners, and the teat cup liners are thick 
and resilient, and under ordinary care will 
last a season and a half; the whole unit 
is cleaned in a few seconds without ) 
dismantling, and the installation of 
the plant and pipe line is perfect 
in every respect, including the 
necessary arrangements to pre- ' 


vent condensation water from 
pipe line reaching the milk. \ 


) 
and 
The Quick and Thorough Milker | 


This is a British-made Machine and can 
be delivered quickly all ready to start 


\ 
| The Real Labour Saver 
{ 
( 


| J. & R. WALLACE LTD. 
CASTLE-DOUGLAS 
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( 
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“GA LLOSE YOULE 


| & Company yLimited 
SAXON. RD SHEFFIELD 8 


PHONE: 
st323 


esr 
1854 


CASE 


Agricultural Engineers since 1842 


Pioneers in TRACTORS 
COMBINES 
BALE RS one 


Specializing in the requirements of 
those who want something better 


ASSOCIATED MANUFACTURERS 
co. LTD. 


Palace of Industry, Wembley, Middlesex 


Phone: Wembley 3163 (4 lines) 
Grams: Amanco, Phone, London 
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The Dunlop range of agricultural tyres provides a 
special tyre for every job. Those of tractive pattern 
F combine unequalled grip with excellent self- 


cleaning qualities, while rolling tyres “ float” 
on the surface with low rolling-resistance. 


Fit 
DUNLOP 


THE WORLD'S MASTER TYRE 


DO etd 
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SERVICE to 
AGRICULTURE 


As the largest manufacturers of Elec- 
tric Arc Welding Plant and Electrodes in the 


country, our full resources are available to assist 
the farmer. 


WE can offer petrol and diesel engine 
driven welding sets, motor generator sets and 
A.C. transformers, as well as all types of acces- 
sories, and the most comprehensive range of 
electrodes on the market. 


Our Service Engineers are available 
to give technical advice and assistance in any part 
of the country. We are only too pleased to 
advise on welded repairs to any agricultural 
implement, whether made of steel or cast iron, and 
on increasing’ wear resistance by hard surfacing. 


Send us your individual problem, or write for our 
Special literature to :— 


MUREX WELDING PROCESSES LTD. 


WALTHAM CROSS: HERTS ‘Telephone : Waltham Cross 3636 


SPO HS 


‘hKansomes ~~ 


SIMS & JEFFERIES LTO. 
ORWELL WORKS, IPSWICH. 
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*& General purpose Grain 
and Seed cleaning 
machines. Especially 
suitable for combine 
harvested Grain. 
Indented Zinc Cylinders 
for separation by length. 


ROBERT BOBY LIMITED 


ENGINEERS 
BURY ST. EDMUNDS, SUFFOLK, ENGLAND 


Give your tractors just a fraction 
of the attention demanded by the 
horses they replace — insist on the 
makers’ simple routine maintenance 


Goes toon ooue al 


instructions being carried out. 

The C.A.V. equipment, diesel fuel 
injection equipment, fuel oil filters, 
electric starters, dynamos etc., — 
fitted by the foremost manufacturers 
—is built to give you trouble-free 
running for long periods with the 


f 


minimum of attention. When over- 
hauls finally become due, don’t Fuel Injection and Electrical 
tinker. Entrust them to your Equipment for Tractors 

. 
nearest C.A.V. service agent or Transport and Power Plants 


depot. of all types. 


AW, 


LIMITED 


WORLD WIDE 
SERVICE. 


AGRICULTURAL DEPT., ACTON, LONDON, W.3 
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Up to the 
seal-and no 
further 


Y WS 


fie 


aA 
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TYPE LF.6 Somi-dual Weston 


TYPE R.6 Synthetic 
Seal, Chrome Leather and Felt 


bonded to outer shell. 


The primary function of a Weston Oil Seal is the retention of 
lubricants, but provision can also be made to protect the bearings 
against the ingress of dirt, grit and moisture. For exceptional 
conditions of speed and temperature, our range will invariably 
include a seal to meet your requirements. The services of our 
Technical Department are iad offered in all sealing problems. 


SEE EE EE ES 
CHARLES WESTON & CO. LTD., IRWELL BANK WORKS, DOUGLAS GREEN, PENDLETON, SALFORD, 6 
TELEPHONE : PENDLETON 2857-8-9. BIRMINGHAM, MIDLAND 6952. LONDON, HOLBORN 0414. 


Smee’s W.57 
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me BRISTOL 20 
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TAKES A UNIT-ATTACHED PLOUGH, TOOLBAR 


FRAME, ETC., AS WELL AS DRAUGHT IMPLEMENTS 


= ~ | The New Bristol ‘20’ has much more 
NEW FEATURES power than its predecessor, which had 
Hydraulic lift: TRU-TRAC already established its reputation as 
plough with Furrow-width con- the Tractor with the greatest drawbar 
trol; finger-light clutch-brake pull for its size in the world. Yet it is 
steering with ‘‘hands-off* till ly 3’ 3” wid ul d 1 
straight running; slow-running sao. ‘ Wists OVEraH, Sd OMY 
OHV Austin Industrial engine, 14’ from radiator to back of 2-Furrow 
developing 22 BHP at 1,500 Plough. 
RPM; longer track units, 
plus scientifically calculated 
weight distribution, give 
smooth riding under all con- 
ditions at all speeds. 


Write for illustrated folder 948 to :, 
BRISTOL TRACTORS LTD., Earby, via Colne, Lancs 
Telephone: Earby 3167 Telegrams: BRISTRAC, EARBY 
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This light tractor, built to the highest 5/6 h.p. Petrol Engine 

3 ‘ 7 + d, Centrifugal Clutch 
engineering standards, is ideal for hard 3 Forward ‘Spesds add ’Reverss 
efficient and continuous working, and is 


Spiral Bevel Gear 
needed by every farmer and horticulturalist. 4 to 8 m.p.h. 


A wide range of implements and equipment,  Twist-grip Throttle Control 
including a Paraframe floating toolbar, plough, Divisible and Reversible Wheels 


‘ 3g Power Take-off 
pneumatic-tyred wheels, bogie seat, trailer, Quick and Easy Hitch Block Coupling 
etc., is offered. Power Steering 


There are agems, for GARNER tractors in every county 
throughout the country—if you have any difficulty, write for 
the name of the nearest agent to: 


GARNER MOBILE EQUIPMENT LIMITED, North Acton Road, London, N.W.10 
Telephone: Elgar 4642-3 
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Here is a handy portable high-speed 
set comprising : 5/7 or 7/9 h.p. engine 
with Air Filter, Fuel Filter, Mechanical- 
type Governor, Cold Starting Injector, 
Exhaust Pipe and Silencer. 20-gallon 
Water Tank, 2-gallon Fuel Tank, 
Tool Locker and a 4” or 6” dia. x 33” 
face Flat Belt Drive Pulley fitted to 
Flywheel. Fabricated Steel Bedplate. 
Weight (approx.) 4 cwt. Also available 
with radiator cooling. Engine supplied 
with 2:1 or 3: 1 Reduction Gear Box 
if required (enabling the engine to 
run at correspondingly lower r.p.m.s). 


Please write for catalogue to 
Dept. No. 52A. 


AGRICULTURAL 
PURPOSES 


5/1 &7/9 —< 
HP. : : 


HIGH ee 
SPEED DIESEL POWER SETS ~~ 


MANUFACTURED UNDER .WEAVER'S PATENTS BY 


THE COVENTRY VICTOR MOTOR CO. LTD. 


DIESEL DIVISION: GOX STREET - COVENTRY - ENGLAND 
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DESIGNED for Farmers 
USED by Farmers 
DEPENDED ON by Farmers 


Oldham designed 
this battery for 
tractor and farm use. \ 
It is rugged, long lasting 
and has a fine power out- 
put. New Oldham Tractor 
Batteries can be obtained at 
garages or Oldham Service 
Stations throughout the country. 


“en 


TRACTOR BATTERIES 


WITH POWER G. SPARE 
Lf REGD. 


OLDHAM & SON LTD - DENTON - MANCHESTER - EST. 1865 


9 REASONS WHY THE 
LIGHT TRACTOR 


is your best 


investment 


- Power-Turning. 


. Unit construction gear box and reduction 
box. 


. Clutch drive of exclusive B.M.B. design. 
- Simplicity of control and operation. 
- Complete range of quickly interchangeable 
implements. 
6. Low in initial cost and maintenance. 
- Power Take-off. 
. Interchangeable rubber-tyred and steel lug wheels. 
. Adjustable wheel centres. 


6 h.p.  PLOWMATE” 3 hp.  CULTMATE” 
14 h.p. “ HOEMATE” 


THE AGRICULTURAL DIVISION 


_ LOXHAMS 
MORRISERVICES L"° 


CORPORATION STREET, PRESTON 4247 (6 lines) 


Distributors for 


LANCASHIRE, CHESHIRE, CUMBERLAND, WESTMORLAND 
ISLE OF MAN FLINTSHIRE 


XIX 


Fur AGRICULTORE & INDUS TRY- 


ALL BRITISH 
AIR-COOLED ENGINES 


From | to 8 H.P. 


MOPS 5 


2,200 R.P.M. 
Weight 113 Ib. 


POWER 
MODEL 2A for PERFORMANCE 
12 BWP, ae 2500 RPM, RELIABILITY 


Versatile in application, yet uniform in 
efficiency, J.A.P. ENGINES embody those 
characteristic British qualities of advanced 
design and sound construction, which 
make these famous engines completely 
reliable under all conditions. 


Specially Designed for :— 

Chaff Cutters—Generators—Saws—Milk 

Coolers—Milking Machines—Sheep Clip- 

pers—tree Fellers—Water Pumps—Weed 

Mone Cutters — Conveyors — Threshers — 

3:5 BHP. at 2, 240 prey Water Purifiers—Potato Sorters—Garden 
Weight Tractors—Woodworking Machines,etc.,etc. 


Made by J. A. PRESTWICH & CO. LTD. 
NORTHUMBERLAND PARK, LONDON, N.17, ENGLAND 
‘Phone: TOTtenham 3701 Cables: PRESTWICH, SOUTHTOT, LONDON 


lc Fs 


od wan 


XX 


ADAPTABLE” 
TH The 


§ 


‘ 


Tractor Mower 


7 RTC Mower behind a Fordson Major Tractor. 


With the newly designed adjustable linkage for the lift, incorporating a longer 


and more forwardly disposed lever, 
working with a large range of Tractors, 
FERGUSON, DAVID BROWN and_ others. 


light and easy operation is assured when 


including the FORDSON MAJOR, 
Drawplates available giving a 


close-up connection with all the well-known makes of Tractors. 


For full details, see our special Drawplate List. 


Fordson and Allis-Chalmers David Brown Ferguson 
Allis-Chalmers (Models RC (Models VAKI 
and WC) and VAKI/A) 


(Model B) 


BAMFORDS I? 


For over 70 years Makers of High Class A 


UTTOXETER. encianp. 


cultural Machinery 


xxi 


on the spot... 


With Tecalemit portable equipment you can, 


Pr cal 


STECALE 
=I 


when necessary, lubricate Farm Machinery 
on the “Spot” and save precious minutes. 
The Tecalemit Volume Pump, suitable for 
oil, and the Junior compressor for grease, 
meet all the lubricating requirements of Farm 
Machinery anywhere—anytime. 


@ J.C. 10 LUBRICATING HAND GUN. 


TECALEMIr 


TECALEMIT LID nyprautic & MECHANICAL DESIGNING & MANUFACTURING ENGINEERS 
GREAT WEST ROAD, BRENTFORD, MIDDLESE 


Eating 6661 (16 bnes) 


PHON 
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FOR ALL AGRICULTURAL 
MACHINERY 


The friction that locks 
the Simmonds Stop Nut 
is provided by means of 


a fibre collar. 


The Pinnacle Stop Nut 
works on the same 
principle but achieves 
its effect by means of a 


spring metal diaphragm. 


ABSOLUTELY UNAFFECTED BY VIBRATION 


SIMMONDS STOP NUTS 


SIMMONDS AEROCESSORIES LTD., TREFOREST, GLAMORGAN 


cRo22 
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THE GREATER THE LOAD 
THE GREATER THE NEED 


fet 
FERODO 


BRAKE AND CLUTCH LININGS 


FEROD 
4 Membe 


This dependable power 
unit incorporates all 
those refinements of 
design which make for 
super-efficiency, easy 
running and light hand- 
ling. The sturdy tireless 
Trusty tackles every 
job it is put to, from 
ploughing to hauling— 
and is always fit for 
more. Look into its 
capabilities. You'll find 
the ‘TRUSTY’ and its 
tools invaluable. 


Trusty leads the way with 


e Ample reserve of the right type of 


power © Patent Automatic Clutch @ 
Patent Swinging Draw-bar @ ‘Silky’ start, 
= smooth running and self-steering © 


Scientific weight distribution © Torque- 
reaction for soil penetration ® Adjustable 
width @ Specially designed tool for every 


TRACTOR 


EFFICIENT jobe Implements speedily, easily changed. 
VERSATILE Price from £125 to £140 
DEPENDABLE Implements extra 


IMMEDIATE DELIVERY 
TRACTORS (LONDON) LTD., THE WHITE HOUSE, BENTLEY HEATH, BARNET, HERTS. 


Telephone: Barnet 4500 
a 
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Since famine threatens, resolve to give the people more food 
from your land this year, Use— 


ALLMAN’S 


SPEEDESI 


(Exhaust-operated) 
AND 


RLINGKLOUD 


(Turbine-operated) 


POWDER DUSTERS 


The KLINGKLOU 


4 


E. ALLMAN &CO: LTD. 


BIRDHAM Rd. CHICHESTER, SUSSEX. 
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THRESHING MACHINE 


The Humphries Thresher still gives the best 
and finest performance —as it has done for 
over 100 years. Whilst incorporating great 
improvements in design the present model 
retains the sterling qualities which have 
served many generations of farmers so well. 
This same excellence of design and quality 
of workmanship are evident in the Fisher 
Humphries String or Wire tying Hay and 
Straw Baler, and their range of Tractor 


Ploughs, which are indeed 
** Best in the Land’’. 


R. HUMPHRIES & C 


L} s PER SHORE 
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LOOK 
TO 


for the most_wy-4o-dule 


and offictent 


design,,, 


HAND DRILL 


TWO-SPFED 
BREAST DRILL. 


é or 
UNIVERSALLY JOINTED 
SOCKET SPANNERS 
With a set of “Leytool” Ratchet Spanners maintenance jobs | 
take far less time. Awkwardly placed nuts can be tightened | 

or removed easily and quickly. They save time and money 

because they work faster, operate more easily, and get into | 
those inaccessible places where ordinary spanners will not | 
go. 

. SpLApe eaener They are a sound British engineering job, made of carbon 

IVER - : 
chrome steel, hardened all over and negradised. 

The mechanic's set (see lower small illustration) consists of 

five of the most frequently needed sizes in a stout canvas 

wallet. Ideal for farm tractor and machinery repairs. | 


Price complete : 45/= in wallet. 


RATCHET SPANNERS 


MECHANIC'S SET) Write for fully descriptive leaflet. 
All Leytools are entirely LEYTONSTONE JIG & TOOL CO., LTD. | 
original ard patented Leytool Works, High Rd., Leyton, E.10. Phone: Leytonstone 5022-3-4 1 
lesigns. | 
Write for iliustrated : Z ai | 
leaflets. Export Agents in all countries—names and addresses on application. 


| *LEYTOOL OOL 
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“SOMERSET ”’ 
FARM MAC JHINERY 


LULA ATA 


MODERN | 
‘IN DESIGN 


and 
SOUNDLY 
CONSTRUCTED 
to stand the 
Strain of 


DENING of CHARD 


SOMERSET ENGLAND 
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THE 


TRACTOR 
SHAFTS 


Co., LTD. 


HATFIELD ROAD, ST. ALBANS, ENGLAND. 


As the name implies, we 
specialise in the manu- 
facture of the finest 
quality case hardened 
Roller Shafts, Clutch, 
Fan, Pump, P.T.O. shafts, 
etc., etc., for the more 
popular makes and types 
of American Agricultural 
Tractors. 


’Phone: St. Albans 5370. Telegrams: TRACTSHAFT, St. Albans. 


os @I have kept a careful 
record since I installed «a 


HAMMAMAC tuo Yeats ago and 
have saved £3 


UCCESSFUL farming de- 
pends on mechanisation 
—the use of machines that 
will work day in and day out, 
year after year without com- 
plaint. Such a machine is the 
“HAMMAMAG" agricultural 
swing hammer mill, which 
grinds, sieves, mixes, and 
conveys, and relieves the busy 
farmer of many an arduous 
and monotonous job. If you 
don’t already know what the 
“HAMMAMAC” can do for 
YOU, write to the Makers 
quoting ‘‘Dept. FMA.” 


bNEse 
te SESS 
& GRINDING EQUIPMENT Li? 


“7 ASHLEY PLAC 
| Telaphone 
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3 BULL POINTS in the 
FOOD CAMPAIGN 


Britain’s major power in every Agricultural campaign, during and since the 
war, has been the Fordson Tractor. So it will be in the new campaign. 


The Fordson will work your existing implements, saving you money and 
saving the Nation valuable materials. When you need them, there are 
the new implements specially designed for exclusive use with the Major 


The Fordson Major runs on P.V.O. which comes largely from Sterling 
areas. P.V.O. saves you money and saves the Country dollars. Majors 
alone, it is estimated, are saving the Nation over 70 million gallons of 


Fordson 


MAJOR TRACTOR 


You get more work out of a Fordson 


W 


ESSEX 


Exticietinii itemise thy 


FORD MOTOR COMPANY LTD., DAGENHAM, 
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FARM MECHANIZATION HANDBOOK 
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Suggested layout and equipment for a farm workshop. 


Fig. |. 


FARM 
MECHANIZATION 
HANDBOOK 


A Manual of 
the Repair and 
Maintenance of 
Farm Machinery 


by 
P. A. REYNOLDS 


TEMPLE 
PASS 


Ait 


[PRESS} 


Published by 
THE ENGLISH UNIVERSITIES PRESS LIMITED 
Saint Paul’s Hous Wi London, E.C.4 
for 
TEMPLE PRESS LIMITED 


Bowling Green Lane, London, E.C.1 


First published 1948 


Printed in Great Britain 


by 
TEMPLE PRESS LIMITED 
BOWLING GREEN LANE, LONDON, E.C.1 
All Rights Reserved 
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INTRODUCTION 


Wyk the mechanization of farms, it is becoming essential 

for a greater percentage of farm workers to have some 
knowledge of mechanics, particularly whilst deliveries of new 
machines are uncertain and spare parts and full repair facilities 
restricted. 

This book is, therefore, designed to give a general working 
guide to the care and maintenance and general operation of 
most common types of machine found on the modern farm. 
No attempt has been made to go into the particular adjust- 
ments or repairs of specialized machinery such as binders, 
combines, threshing machines, etc., although internal combus- 
tion engines are dealt with exhaustively. The principles 
contained in many of the chapters on workshop practice will 
enable an intelligent mechanic to keep most equipment running 
in times of emergency and to overcome many of the everyday 
problems met on the farm. E 
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NOTE 


The following pull-out, diagrammatic illustrations 
of tractors will be found at the end of this book. 


THE ALLIS-CHALMERS MODEL «B”’ 
THE BRISTOL TRACTOR 
THE DAVID BROWN TRACTOR 
THE CATERPILLAR D2 TRACTOR 
THE FARMALL MODEL *H” 
THE FERGUSON TRACTOR 
THE FIELD MARSHALL DIESEL TRACTOR 
THE FORDSON MAJOR 
THE TRUSTY TRACTOR 
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THE FARM WORKSHOP 


Meer of the machinery used on farms is simple and easily 
understood, but the tendency of recent years is towards the 
use of appliances which combine the work of three, or even four, 
old-type machines, and which may even utilize engineering principles 
new to the farmer. The combine harvester and the hydraulic 
mechanism now fitted to some tractors are examples. 

The time is thus approaching when the services of a trained 
engineer are needed on all highly mechanized farms. Indeed, 
some have already anticipated this and employ a man whose sole 
task is to keep machinery and implements always ready for use. 
Other farmers send their repair work to agricultural implement 
repairers. Still more, however, try themselves to carry out 
repair jobs. There is little doubt that an enormous amount of 
time and money are saved if the work can be done without sending 
it away, but it cannot be denied that general on-the-spot repair 
work has been greatly hampered by the lack of proper facilities. 
Unless a man has a workshop containing an adequate range of tools 
and appliances, the quality of his work is bound to suffer. 


The Building 


At the moment difficulties of building a new workshop lead to 
consideration of the possibility of making do with an old barn or a 
lean-to shed. Such buildings, when converted, can be made to 
provide reasonable facilities, even if this only means a place in 
which to keep a bench and tools. 

Undoubtedly the ideal is to have a building large enough to house 
all the repair equipment, the stock of spare parts, and still leave 
room to take a tractor or whatever other machine requires atten- 
tion. It must, of course, first be made reasonably weatherproof. 
A damp workshop is highly conducive to the formation of rust, and 
good work demands tools that are in first-class condition. Next in 
importance to a sound roof is the floor, which must be level and 
hard. Earth floors are certainly warmer than concrete, but they 
should be avoided if possible on account of the grit and abrasive 
matter which cannot be prevented from coming into contact with 
machinery. A concrete floor is not, it is true, entirely free from 
dust, but at least it does provide a sure foundation for jacks and 
other lifting appliances which may otherwise topple over or sink 
and cause injury to personnel and further damage to the machinery. 

Make sure, too, that the doors are sufficiently wide and high to 
accommodate the largest of the mobile equipment, and bear in 
mind the advantage of doors both sides of the building, so that a 
tractor can draw in, leave its load behind for repair and drive out 
the other side. 

B* 
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Interior Fittings 

Lighting is very important, and even though electricity may be 
installed, daylight is cheaper, so arrange for plenty of windows, 
especially over the benches. It may be pleasant to work by open 
doors when the weather is warm, but there should be no necessity 
for this in the winter. If mains electricity is available, install 
numerous points round the workshop so that not only can every 
corner be well illuminated, but lamps may be plugged in and taken 
to the machine under repair without having yards of cable lying 
about. A system of low-voltage lighting which is used extensively in 
garage workshops even though mains supplies are connected is 
given on page 4. Where individual machines, such as valve grinders 
and refacers, bench grinders, bench drills, and so on, are used 
endeavour to provide a light over each, for not all repair work can 
be done in daylight. 

If the rafters are sufficiently strong, a runway for blocks and 
chains will save money on floor cranes, but when such an installa- 
tion is contemplated, it is as well to get a good builder to test the 
beams and an engineer to erect the necessary steelwork, otherwise 
one may bring about the collapse of the whole roof. 

Before undertaking any structural alterations it is wise to consider 
the nature of the work likely to be required. Tractor adjustments 
and general light maintenance work, including decarbonizing, do 
not need a great deal of equipment, as will be seen from the list on 
page 5. Much of the repair work necessary on implements, too, 
may be done with simple tools, but if a welding plant is to be installed, 
and it is intended to carry out the complete overhaul of machinery, 
then larger appliances are necessary and a bigger workshop wanted. 

One must consider, too, the hundred and one maintenance iobs 
that are required on the average farm, for doubtless the farm 
mechanic will not limit his repair facilities to tractor engines. He 
will probably be called upon to service electrical apparatus, dairy 
machinery, implements, and possibly do a certain amount of wood- 
work as well, such as repairing trailers, gates, etc. 

It is therefore clear that plenty of bench space must be provided. 
If possible, this should be so arranged that each branch of the work 
has its own bench and apparatus. For example, electrical work 
should not be done on a bench used for woodworking or for engine 
repairs, otherwise much time will be wasted in clearing away 
unwanted equipment and litter. It is wise, too, to have a separate 
bench for soldering, brazing and welding. 

Benches should be soundly constructed and firmly fixed. Timber 
suitable for legs is not difficult for a farmer to obtain, but brick or 
angle iron should not be overlooked as possible alternatives. The 
top of a bench should be not less than 2 ins. thick, and the planks 
should be faced on the edge to permit close fitting. If at least one 
part can be protected with a metal sheet so much the better. 

” The average tractor is about 6 ft. 6 ins. wide and 10 ft. long, so, 
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as a minimum of 3 ft. should be allowed all round for working, a 
floor space of at least 12 ft. by 16 ft. should be kept completely free 
for that purpose. But other machinery will almost certainly be 
awaiting attention, and where possible this should not be permitted 
to interfere with the movement of the mechanic or his equipment. 

Workshop heating should not be overlooked, and the possibility of 
using waste oil as fuel for a stove or a boiler is worth considering. 


A Useful Lighting System 


Reference has been made to low-voltage lighting, and this can 
be obtained through the mains if a transformer is fitted, or it can 
be run from batteries of 6 or 12 volts. Bare copper wires are run 
in pairs about 6 ins. apart at a height of about 8 ft. from the floor, 
and poles bearing copper hooks are used to pick up the current and 
carry it to 6-or12-volt lamps on leads. These small lamps give 
adequate illumination for close work, and they are much less liable 
to damage than are mains bulbs. The system is safe, adaptable and 
cheap. Fig. 3 shows the arrangement, and, of course, any number of 
lamps may be hung on to the wires. Lamps are switched off by 


unhooking the wooden pole and hanging it on one wire instead of 
two. 


Fig. 3. A useful low voltage lighting system 
that can be installed where mains electricity 
is not available, 
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Mi aa appliances are seldom economical of time, and the 
work done with them is often unreliable. It is surprising, 
however, how adaptable tools are in the hands of an ingenious 
mechanic, and an enormous variety of jobs can be undertaken so 
long as the basic tools are of good quality and well looked after. 
The equipment need not be elaborate, but certain appliances are 
essential. Those listed below are sufficient for the maintenance, 
running repairs and seasonal light overhaul of the machinery on a 
medium-sized farm; all of them are standard articles and can be 
bought at most ironmongers. The present cost of this set of 
tools is not much more than £50, and with care they will last for 
ears. The only continuing expense would be for “consumable ”’ 
articles, such as hacksaw blades and drills, and for replacing the few 
items that even the most careful workman may lose. 
Heavy Equipment 
Stove. 
Bench—preferably of metal. 
Carpenter’s 7-in. vice for woodwork. 
Engineer’s 7-in. vice with renewable jaws. 
4/5-ton jack. 
1-ton pulley block and chains, mounted on 4-in. by 14-ft. sheer 
legs. 
Hand Tools 
Cold chisels—4 ins. by 3 in., 6 ins. by 3 in., 6 ins. by 2 in. 
6-in pin punch; 4-in centre punch, 4 ins by 3/16 in. parallel 
punch. 
2-Ib. ball pane hammer. 
Pin pane hammer. 
2-lb. copper or rawhide hammer. 
Adjustable hacksaw frame and blades (preferably 12 ins.). 
Six bastard, second-cut and smooth files. 
Engineer’s 7-in. pliers. 
54-in. long-nosed pliers. 
Three screwdrivers, 6 ins., 8 ins. and 10 ins. 
Set of Whitworth open-ended spanners, ¢ in. to 1 in. 
Set of American spanners, S.A.E. $ in. to 3 in. 
12-in. adjustable spanner. 
24-in. Stilson. 
Breast drill, $ in. to 4 in. chuck. 
Set of straight-shank twist drills, ¢ in. to } in., rising by 64ths. 
Grinding wheel, pedal-driven, with coarse and fine wheels. 
Six carborundum sticks. 
One pair tin snips, 8 ins. or 10 ins. 
Soldering iron, 4 lb. weight. 
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Blowlamp. 

Oilcan. 
Carpenter’s Tools 

Polished-head claw hammer. 

28-in. rip saw. 

16-in. tenon saw. 

Six chisels, $ in. to 2 in. 

Oilstone. 

7-in. wooden mallet. 

Rachet-type brace. 

Twist-bits, set 2 in. to 1 in. 

Pair 8-in. pincers. 

Jack plane. 

Spokeshave. 

The above list may be considered the minimum, and it is more 
than likely that many of them, plus a few others, are already used. 
Any other appliance bought should be purchased for the time and 
labour it will save in the workshop, and this must always be the 
criterion. 

Lifting Tackle 

A considerable amount of repair work necessitates lifting and 
shifting, and one has the choice of jacks, cranes, blocks and chains, 
etc. A jack will not do the work of a crane, nor will a crane always 
replace a jack or a set of blocks and chains. Moreover, it is poor 
economy to make one tool do all the work of, say, lifting, for this is 
bound to hold up other jobs. In a busy workshop, for example, it 
may be necessary to have several jacks, a couple of floor cranes and 
possibly a block and tackle in addition. But when one is making a 
Start it is best to proceed with caution and to select only that 
equipment which will be in constant use or which saves the most 
labour. 

With regard to iacks, there are many types. There is the bottle 
jack, which is operated with a tommy-bar, and a similar tool which is 
hydraulic. The screw-type bottle jack has an extremely long 
life, and some are available which will lift up to 10 tons. On the 
other hand, they have only a short range of lift, so that although 
suitable for raising the axle of a car or a lorry they are not high 
enough to lift a tractor axle. It is true that blocks of wood can be 
used to raise the basic height, but that is bordering on the makeshift, 
and such methods are likely to prove dangerous. 

The hydraulic jacks of the bottle type are a better investment in 
many ways, for they have a bigger range of lift. But their chief 
advantage lies in their easy and speedy operation, whilst the operator 
does not have to get so close to the job, and is consequently in a 
safer position. A further advantage is that this type of jack may be 
used as a press for forcing bearings in or out of their housing. The 
screw jack can, of course, be used as a press, but one has better 
control over the hydraulic type. 
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Then there is the jack which is lever operated, depressing the 
lever raising the jack crutch to the requisite height. These jacks 
have a ratchet mechanism so that the load may be lifted in stages 
thus making for easier working and more safety. The ratchet jack, 
however, has a fairly long operating handle, and it is often incon- 
venient, if not impossible, to work this in a crowded workshop. 
Hydraulic jacks overcome this disadvantage because for one thing 
they have a shorter lever, and because it is possible to raise the 
load even if the operating space is restricted to only an inch or two. 
The handle can then be removed. 

Lowering the ratchet jack may prove dangerous if the load is a 
heavy one, unless the operator is in the right position to hold the 
lever securely. With the hydraulic jack it is merely necessary to 
turn a small wheel or move a trigger, when the crutch and its load 
will slowly sink. Movement may be arrested at any time, so that 
the load can be gently lowered to a definite position, such as when 
fitting together the two halves of a Fordson tractor. If an hydraulic 
jack is fitted with wheels, or placed on a strong-wheeled trolley, the 
whole may be run beneath the tractor (preferably on rails unless the 
floor is smooth) and the weight supported whilst the bolts are 
removed or replaced. Such a task would be much more difficult 
with a ratchet jack because invariably one finds that the correct 
position lies somewhere between two stops on the ratchet. 

Hydraulic jacks—as well as the ratchet type—are available on low- 
wheeled trolleys that can not only be pushed easily under the vehicle 
or machine but can sometimes be used to move the load itself 
across the workshop floor. Both types of jack can be obtained 
either for low or for high work, the low model having a minimum 
height of about 7 ins. and a maximum of 15 ins., and the high-lift 
type ranging from 7 ins. to nearly 3 ft. The high-lift jacks should 
have wide-spread legs to give stability when under load, but it is 
not advisable to use these jacks as trolleys unless the shop floor is 
dead level and smooth. 

It may pay to invest in a small crane, and these are generally 
mounted on steel wheels, so that once an engine or other component 
has been slung, the whole outfit may be pushed over to the bench or 
to the tractor. When moving the crane the load should be kept as 
low as possible should the crane tip over in striking an obstruction. 
It is also an advantage to fit a rigid bar between the load and the 
crane frame to prevent swinging. 

Some floor cranes have screw-down bolts to ensure that the 
appliance does not move when an indirect lift has to be made. 
This is a feature worth having. All of the shop cranes of the type 
we are considering are manually operated, and can be obtained in 
various capacities, ranging from 15 cwt. to several tons. 

A feature of some makes is that the jib is parallel with the floor, 
and it can be lowered to within half an inch of ground level. Pro- 
vision is made for attaching a crutch pan instead of the hook, thus 
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converting the crane into a useful high-lift jack. Cranes can, of 
course, be obtained with either fixed or movable jibs of the canti- 
lever type, but the jackcrane is probably the most useful for the 
farm workshop. 


For those who feel that a crane 
is an unjustifiable expense, and 
also where the workshop rafters 
are too weak to bear a heavy 
load, a Weston pulley and a 
wooden tripod will prove invalu- 
able. The sheer legs should be 
of selected timber and as long as 
possible, for short legs mean more 
strain on the wood owing to the 
necessity for a wider spread. 
Wooden legs should not be less 
than 4 ins. thick. (See Fig. 4.) 


Engine Handling 
Fig. 4. A home-made hoist saves Equipment 
heavy lifting in the workshop. Engine stands are useful appli- 
ances in workshops which under- 
take the major type of repair. The stands consist of a rectangular 
frame of channel steel and are supported at each end on a trunnion. 
The legs of the stand are sometimes fitted with castor wheels. 
Engines may be clamped to the frame, which can be turned over so 
that the underside of the engine is réadily accessible. Turning 
is usually through gearing, so that any tilt is obtainable, and the 
engine will remain firm in the set position. One make of stand— 
that of Messrs. Mann, Egerton Ltd., of Norwich—is also adjustable 
in width, for instead of a rectangular frame as a bed for the engine 
there are simply two side bars. This stand is therefore readily 
adaptable for several makes of tractor engine. 

Axle stands are almost indispensable, for they can take the place 
of a jack, and so free it for use elsewhere. Most of the stands have 
three legs and are adjustable in height ; the usual range has about 
10 ins. They are sold in pairs and made in three or four sizes, 
which provide for axles from 12 ins. up to 52 ins. from floor level. 

No workshop is complete without a bench drill—sperated by 
electricity, belt driven or hand operated. 


Workshop Layout 


The question of workshop layout is one which should be left to 
the mechanic, although he is advised to plan it carefully in order to 
avoid unnecessary carrying. The machine that is in for repair 
should not be far from the workbench or the tools needed for the 
job to be done. Where possible segregate the electrical work- 
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bench, for greater cleanliness is required here, and some of the 
tools and instruments are of a delicate nature. 

Use plenty of shelves and make a supply of wooden or metal 
boxes for holding the dismantled parts of a machine. Smaller tins 
can be used for storing small stores parts. 

Get into the habit of keeping both benches and floors clean, for 
this all helps to simplify work. 


Tools for Engine Overhaul 


So far reference has been made only to small tools and to the 
heavier items of workshop equipment, but if several tractors are 
used and the farm is highly mechanized the question of engine 
overhaul is worth considering. Such work may be divided into 
two classes ; first, the stripping down of both engine and trans- 
mission, and the fitting of replacement parts ; and, second, carrying 
out a complete overhaul, including re-metalling bearings, aligning 
bent connecting-rods, cylinder boring or lining, truing crankshafts 
and the general fitting and turning work such as is done by the 
agricultural machinery specialists. It is unlikely that these major 
repair jobs will be handled on the farm, but there are certainly 
possibilities in undertaking the services mentioned in the first 
class. 

Even for these, however, some additional equipment is desirable. 
Electrically-operated valve refacers are probably the most important 
item ; and if electricity is not available, much of the work can be 
done with tools operated by compressed air. Failing this, a mechanic 
should not find it difficult to rig up an overhead shafting system and 
use a small petrol or oil engine to drive a bench grinder or (and 
this is of even more value) a flexible shaft grinder that will clear 
off carbon, reface valves, re-grind valve seats and do all the work 
of the more elaborate electrical outfits. 


Fig. 5. A belt pulley mounted on a spindle can be used 
to operate a flexible drive to power hand tools. 


Such a device as that shown in Fig. 5, for example, is simple to 
make and of enormous value. It comprises a belt pulley (driven 
from overhead shafting), and a spindle mounted in two bearings 
and carrying a grinding wheel on one end and a flexible drive and 
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adjustable chuck on the other. The chuck can be used to hold 
drills, decarbonizing brushes of various shapes, a stiff wire brush 
for cleaning, a cloth mop for polishing, and many other similar tools. 
The whole apparatus should cost very little, and it will quickly repay 
the labour expended on its construction. Its value would be even 
greater if arrangements were made to provide for two or three 
different speeds—and many an old motor-cycle gearbox can be made 
to accomplish this. 

Other equipment is described in those sections of the book which 
deal with specific jobs. 
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|" is not sufficiently realized how much a simple knowledge of 
metals helps the farm mechanic in his work. There are something 
like 50 different metals, although most of them are unlikely to be 
encountered on the farm, nevertheless they all have their individual 
characteristics and require different methods of treatment. 

By far the most important metal is iron, for from it an enormous 
variety of steels is made. Were it not for iron we would have no 
electricity, for iron and steel are the only metals which can be 
magnetized. 

Iron is produced from oxide of iron—commonly known as iron 
ore—and carbon in the form of coke,or charcoal. When these two 
ingredients are mixed and subjected to the requisite heat, we get 
iron. There is no need to go into the processes by which iron and 
steel are made, for it is sufficient to know that there are three 
kinds of iron and a dozen or two steels. 

Cast, or grey, iron is re-melted pig iron as it comes from the retorts, 
and it is used in considerable quantities to make cylinders for tractor 
engines. Cast iron contains a fairly large amount of carbon, 
so much, in fact, that it will blacken the fingers just as will a lead 
pencil. Cast iron has several characteristic properties ; it can be 
melted and poured into a sand mould ; it is brittle, and it is non- 
flexible. Thus it will not withstand shock, and should not on that 
account be hammered. It can be cut with a file and sawn, but it 
cannot be re-shaped unless first melted and poured into another 
mould. Normally cast iron is allowed to cool naturally, but if the 
outside of the mould is cooled quickly, the iron is known as chilled, 
and it has a much harder surface, due to the cooling action. 

Another type of iron, known as malleable iron, meets the need 
for a material which has some of the Properties of cast iron and some 
of mild steel, for it can resist shocks, which cast iron cannot. After 
pouring it into the mould, the metal is cooled very slowly, the 
period being from two to five days. This has the effect of toughening 
the casting, but not leaving it brittle. Malleable iron castings can 
be re-shaped when cold, but they cannot usually be welded, although 
brazing and soldering is possible. 

An annealed grey iron is now being extensively used in the manu- 
facture of farm machinery, and castings of this material will stand a 
good deal of bending. The metal has, in fact, many of the properties 
of a mild steel. 

Steel is made from cast iron, but the quantity of carbon is reduced. 
A steel with a low carbon content may be forged, rolled or welded, 
and it is the material used in the building of bridges, etc. If more 
carbon is added, the steel takes on a new property, for it can be made 
very hard by heating it to a bright red and cooling it quickly. Such 
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steel is used for making files, chisels and other cutting tools. The 
steel can also be tempered after hardening so that it possesses 
intermediate degrees of hardness. A hammer is usually made from 
carbon steel which is hardened at the face where it resists the 
impact of blows, but softer at the eye so that it will not split. A 
cold chisel, too, is hard at the cutting edge, and a little softer at the 
end, where the hammer strikes it. The lowering of the degree of 
hardness is called tempering, a process which is described elsewhere. 

Too! steel, although exceedingly hard, may be tempered so that it 
can be cut and filed. Often the metal is first heated and then allowed 
to cool slowly, a process called annealing. After being shaped to 
the required size, it is again hardened, and then tempered to suit the 
work it has to do. 

Steels are also combined with other metals, such as tungsten, 
nickel, chromium and so on, which makes the metal hard enough to 
be used for lathe tools, drills, reamers, etc. 


A Guide to Identification of Metals 


Not everyone can tell the difference between the various grades 
of iron and steel, and although the trained engineer can usually tell 
by “ringing ” the metal on an anvil, and listening to the note given 
off, asimpler method is to touch them ona grinding wheel. Wrought 
iron, which contains little carbon, gives off long spear-shape 
sparks which are orange-yellow in colour. Mild steel gives orange- 
yellow spearheads, but, because of its carbon content, a few bright 
yellow stars. A medium steel gives very few spearheads, but many 
more stars, and a high carbon steel gives no spearheads at all, but 
all stars. 

Non-ferrous Metals 


Metals which contain no iron are known as non-ferrous, and 
they include copper, brass, zinc, tin, lead and aluminium. Copper 
is a particularly ductile metal, for it can be worked (i.e., shaped, 
cut, filed and so on) whether it is hot or cold. It is very easy to 
solder, but difficult to weld. It is also a good conductor of heat, 
and for that reason it is used for soldering irons. Copper that is 
hammered or rolled becomes quite hard, and to make work on it 
easier it is first heated and then plunged into cold water. This is 
sometimes necessary when fitting new copper piping to a tractor, 
for usually such pipes are sent out in the hard state, and bending 
is then much more difficult. : 

Brass is an alloy of copper and zinc, with usually a small quantity 
of lead added to make it machine easily. Like copper, brass is 
easy to solder, and, also like copper, it becomes hard when hammered 
or rolled. It is annealed or softened in the same way as copper. 

Zinc is mostly encountered in sheet form, in which it is used for 
roofing or for lining tanks and shelves. It is used in the manufacture 
of brass, and is sometimes mixed with aluminium. 
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Tin is not often seen in its pure state, but it is used in the manu- 
facture of solder and also to coat steel sheets. Tin cans are really 
made of tin-coated steel. The metal solders easily. 

Lead is mostly used, so far as the farm mechanic is concerned, in 
the plates of batteries, and it is alloyed with tin to make solder. 

As to aluminium, this is a metal which has come very much to the 
fore in recent years, fo in addition to its use for crankcases and 
other castings for motor vehicles and tractors, it is made into 
sheets from which many articles are stamped. Aluminium cannot 
successfully be soldered or welded except by an experienced man 
with special equipment. 


Alloys 


An alloy is a mixture of metals or of metals and other substances. 
During the past few years considerable research has been made in 
this field, and some remarkable results obtained. One of the 
objects when making alloys is to obtain strength with lightness, 
and not only has this been successfully accomplished, but the result- 
ant metal is able to resist rust and also corrosion to a remarkable 
degree. The actual number of alloys in use is enormous, and both 
tractor and implement manufacturers are continually trying out 
new alloys in an endeavour to overcome the inherent disadvantages 
of iron and steel. 

It is perhaps with aluminium that the greatest progress has been 
made, and the alloy known as Duralumin Possesses extraordinary 
tenacity and hardness, besides being ductile (ie., workable). 
Duralumin is made from aluminium, copper, manganese and silicon. 
It can be rolled, forged, drawn and spun, and worked either hot or 
cold. Metals of this type may soon be used in the construction of 
many types of farm implements, and it is obvious that when that 
time comes the mechanic will need to know how to treat them. 
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IV 


ELEMENTARY MECHANICS 


ro: baa ee simple or however complex a machine is, it utilizes 
one or more of the basic principles of mechanics. A plough, 
for example, is a development of the wedge principle, and so is the 
screw. 

No work can be done, whether by man or machine without some 
corresponding expenditure of energy. A man uses a machine to 
save himself physical labour. He also uses his brain for the same 
purpose. Thus a knowledge of simple mechanics serves two very 
useful purposes—it enables one to keep machinery in good order 
and to cut out unnecessary manual work. 

It does not necessarily mean that one must study a great deal in 
order to know something about mechanical principles, for although 
we may not realize it, most of us are already familiar with many of 
them. When we split wood, for instance, we utilize the principle 
of the wedge. When we cycle home at night we are using the 
principle of the lever. We use it, too, when we crank the tractor, 
or wind up the water from the well or turn on the water tap in the 
yard. 

Probably we use the lever more than any other, for it has so 
many applications. But we do not always use it in its simplest 
form. For example, when we cycle we press on the pedals, and 
by means of leverage—in this case dependent upon the length of 
the crank—turn the chainwheel. The force exerted is used to 
revolve the sprocket on the rear wheel of the machine, and there is 
movement between the links of the chain. Unless oiled, the chain 
will become difficult to bend and straighten. 

A machine is, therefore, an appliance which utilizes one or more 
principles of mechanics, but less effort is needed if friction is reduced, 
for friction is a force which opposes movement. A knowledge of 
mechanics, even if only the mechanics of friction reduction, helps 
us to work more easily. 

As has been implied, a machine is a device for converting one 
form of energy into another, and the more economically this is 
done, the more efficient the machine. 


Principles of the Lever and Wedge 

The two chief mechanical principles used are the lever and the 
wedge, and each has a large number of variations. The lever is 
probably one of the earliest forms of mechanism discovered by man, 
and it consists essentially of a rigid bar which pivots round a point 
known as the fulcrum. 

Three common applications of the lever are shown in Fig. 6. 
(a) Shows the weight to be lifted on the top of the lever, the fulcrum 
under it at a point close to the weight, and the force or effort applied 


ELEMENTARY MECHANICS 15 


in a downward direction.. The closer the fulcrum to the weight 
the greater the leverage and the smaller the effort required to 
move the weight. When the weight and the fulcrum are near 
each other, the movement of the weight is small when compared 
with the movement of the other end of the lever. 

The amount of work done is therefore in direct proportion to the 
distance through which the weight moves and the force needed to 
move it. Because of this, the unit of work is measured in terms of 
the foot and the pound, and is known as the foot-pound, or amount 
of movement and the amount of force. 

The power resulting from 


the application of a force is P 
known as the rate, and the Ww 
British engineer’s unit of meas- (a) F 


urement of the rate is given in 

terms of ‘ horse-power.” One 

horse - power represents the 

expenditure of 33,000 foot- of 

pounds of energy in one P 
minute. Lifting a weight of (4) 

33,000 Ib. a distance of 1 ft. 


therefore requires—in theory, 
at any rate—exactly the same wE 
effort as moving a weight of 
11,000 Ib. a distance of 3 ft. (C) P 
The second icati 
the lever is oe a Fig. 6. Three common applications 
nin (b), of the lever principle. 


where the fulcrum is under 
the end of the bar, the weight 
to be lifted suspended from the bar, and the effort applied in an 
upward direction. Thus aman who lifts a cart axle by putting a 
: lever on a box and lifting the 
other end of the bar is using 
this application of the lever. 

In (c) the fulcrum is on top 
of the lever and the weight 
suspended from the other end. 
The force, therefore, has to be 


a ; applied between these two 
‘Ce points and in an upward direc- 
altel —— tion. This application is seen 


;DF- i in the crane in which the jib is 
Fig. 7. The wheel and axle is a anchored on the crane struc- 
development of the lever principle. ture and the jib end raised and 


, lowered at a point shown by 
the arrow in (c). Lift of the load is usually accomplished by separ- 
ate means, although it need not be. 

Another development of the lever is found in the wheel and 
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axle, as the foregoing simple diagram (Fig. 7) shows. (A) Repre- 
sents a single spoke of the wheel, and (B) the axle which revolves 
about its centre point or axis. The degree of leverage is represented 
by C (which is the spoke length plus half the axle diameter) and (D), 
which is the other half of the axle diameter. 

When two wheels are in mesh so that 
the circumference of one engages with 
teeth on the axle of the other, turning 
the wheel marked F (see Fig. 8) exerts 
an enormous force on the circumfer- 
ence of the wheel (E), and this wheel 
would, of course, revolve slowly in 
comparison. A practical example of 
this principle is found in the tractor 
1 winch and in a gearbox. 

Fig. 8. Apractical example The second simple mechanism is the 

of the lever principle as inclined plane or wedge (see Fig. 9). 

found in a hand winch. This can be used so that a small force 

will raise a large weight vertically, by 

rolling or pushing it up a slope or inclined plane. Instead of lifting 

the entire weight of the object vertically, part of the weight is 

supported on the plane and part by the force. A more familiar 

application of the principle is found in the screw which is really 
an inclined plane wrapped round a cylinder. 

The wedge is a modification 
of the inclined plane, and it 
will be apparent that when any 
form of wedge is used there 
must be friction between the 


two sliding surfaces. It is an Fig. 9. Showing how a small force can 
important part of a mechanic’s raise a weight vertically by use of the 
work to see that this friction is inclined plane. 


reduced to the minimum. Fric- 

tion may be reduced either by interposing a lubricant between 
the rubbing surfaces or by altering the rubbing movement into 
one of rolling (as when using ball or roller bearings). This subject 
is dealt with in detail in chapter XII. 


Energy 


Whenever anything is moved there is a resistance to be overcome 
which necessitates the use of a force, or energy. This energy is not 
always obtained direct from the source of power, for there is an 
energy known as potential, and this depends upon the position of 
the body possessing it. In a pendulum clock, for example, weights 
are suspended on ropes or chains, and they possess potential energy 
in proportion to their height. As soon as a hammer is lifted, it 
possesses potential energy, and to this is added the muscular energy 
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of the holder when he drives a nail. The greater the force behind 
the hammer the greater is its speed. ; 

The energy possessed by a moving body is called kinetic. The 
flywheel of an engine possesses kinetic energy that is sufficient to 
compress the charge in the cylinder. If a small engine used for 
pumping water is not sufficiently powerful on a deep-bore hole, 
it is possible to increase its power by fitting a larger flywheel. 

Energy is something that cannot be destroyed. It may not, of 
course, always do useful work, but it has to do something. A car 
that is travelling along a road possesses kinetic energy, and if the 
car runs into a solid wall, the stored-up energy is expended in 
smashing the car. But if the brakes are applied, the energy is 
transformed into heat by means of friction, and the heat is dissipated 
into the air through the brake drum and other parts. 

Centrifugal force is a further example of the energy contained in 
a moving body. In this case, if a body moves in a curved path, 
an outward or centrifugal force acts on it and tends to make it 
travel in a straight line. It is thus that a car sways outwards when 
rounding a curve, and it is this principle which is utilized to govern 
the speed of a tractor engine or a gramophone turntable. Fig. 10 
explains the application of centrifugal energy toa governor control ; 
(B) isa shaft to which is fastened a disc (A). Attached to the edge of 
the disc are two thin flat springs (C) bearing lead weights (D). The 
lower ends of the springs are 
fastened toa plate (E). If the shaft 
is rotated rapidly, the whole unit 
revolves, but centrifugal force 
throws the weights outwards so 
that the springs become curved 
and the plate (E) is lifted. Ina 
gramophone, the plate rises until 
it touches a brake, which, by 
causing resistance, slows down the 
speed of rotation. A drop in 
speed lowers the plate (E), so that 
the centrifugal force in the 
weights again takes effect and 
raises it once more. In this way 
the turntable is maintained at a 
constant speed. A similar arrange- 
ment is used to govern the Fig. 10. The principle of using centri- 
throttle opening of a tractor fugal force on a governor control. 
engine, although in this case move- 
ment of the plate (E) would be transmitted by rods to the carburetter. 

Examples of the forces mentioned, also the two mechanical 
principles (wedge and lever) can be found by studying any machine, 
and it is an appreciation of these things which makes a mechanic’s 
work so interesting. 
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PRINCIPLES OF FITTING 


Fane may be defined as making or repairing a metal article, 
and it is accomplished by using engineering skill and certain tools. 
The requisite skill in handling tools can come only by practice 
following upon sound instruction; but, even so, the successful 
repairer understands the basic principles of machinery and thinks 
out in advance the best method of applying his knowledge to the 
job in hand. Bad work and tool breakages are practically always 
due to lack of care and to ignorance of the nature and capabilities 
of one’s tools. This chapter therefore deals with a number of 
hand tools, and shows how they should be used. 


Files 


Files seldom get the attention they deserve, possibly because 
they are not properly understood. A file is a piece of hard steel 
having a large number of teeth which chip away fragments of the 
metal being filed. Not all files have the same size or number of 
teeth, for not all metals respond in the same way to a cutting tool 
of this nature. 

The choice of a file for a given piece of work depends upon the 
amount of metal to be removed, the structure of the metal itself, 
and the degree of finish required. For instance, when it is necessary 
to remove a good deal of material, a rough file is generally used. 
This may have but 20 teeth to the inch. For smoother work a file 
with 50 or 60 teeth per inch is used, whilst for finishing off a job 
a ‘dead smooth” file having 100 teeth to the inch is needed. 
There are six grades of files, known by the following terms :— 


Rough .. ne ie és 20 teeth to the inch 
Middle .. is <a oe 25 teeth to the inch 
Bastard... ‘a Se es 30 teeth to the inch 
Second cut .. re ne 40 teeth to the inch 
Smooth aig ee .. 50-60 teeth to the inch 
Dead smooth .. . 100 teeth to the inch 


An examination of a number of files shows that some have teeth 
Cut in a series of single rows set at an angle of 60° across the file. 
These are known as “ single-cut ” files, and are used on very hard 
metals. The most generally used file has teeth cut in double rows, 
one crossing the other. It is known as a ‘*‘ double-cut.” Some files 
are flat, with parallel sides ; some are tapered; others square in 
section. There are also round, triangular and half-round files, 
each of which is better for certain work than any other. When 
buying files it should be remembered that the dimension for length 
refers to the blade only and does not include the tang. 

Much of the skill of a mechanic lies in the way he uses his tools, 
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and filing is one of the most important of the hand operations. 
It is not particularly easy to master, especially if one has never been 
shown the correct way and has got into the habit of see-sawing the 
file across the metal, using any file on any metal. It is best to use 
a new file on the softer metals first, and then as the keen edge 
gradually wears down to use it on other and harder metals. 

Half the art of filing correctly lies in taking up a proper stance 
in front of the vice. With the left foot slightly forward under the 
bench, stand with the weight balanced fairly evenly on the two 
feet, but coming rather more on to the left as the file is pushed 
forward. The work should be set at elbow height, if possible. 
The handle of the file is grasped so that the end comes comfortably 
in the palm of the right hand, the left holding the extreme end 
in a manner which brings the top of the blade on the ball of the 
thumb where heavy cutting is required. (See Fig. 11.) For finer 
work the blade end can be grasped between the thumb and the 
aoe. the forefinger, which is curled round on the underside of the 

ade. 


Fig. 11. Even pressure must be maintained on both 
ends of the file. 


An even pressure on both ends of the file and a straight push on 
the forward stroke must be aimed at, but as a file does not cut on 
the return stroke, the pressure can be relieved and the file run 
back light. The blade should not, however, be lifted from the 
work, for drawing it back lightly helps to clear the teeth. If these 
instructions are followed carefully a really flat surface will result, 
and that is the sign of a good filer. 

When filing circular stock to reduce its diameter, the file must, 
of course, be rocked so that it conforms to the diameter of the bar. 
The work can be held horizontally in the vice or it can be fixed 
vertically and the file worked round it. In this case, assuming that 
it is required to form a shoulder ona metal rod, a flat steel washer 
which just fits the rod should be slipped over so that it rests on the 
vice jaws, as in Fig. 12. The washer serves a dual purpose; it acts 
as a guide for the depth of the shoulder from the end of the rod, 
and it prevents the file from damaging the top of the vice. When 
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using a flat file for this work, the safe edge—i.e., the edge without 
any teeth—would be in contact with the washer. 

Round and half-round files are used in a similar manner to that 
just described, but they are given a slight curving motion in a clock- 


Fig. 12 A steel washer acts as a guide when filing 
circular stock and helps to form a true shoulder 
on the work. 


wise direction on the forward stroke. This is not essential, but 
it results in a rather cleaner cut being made. 

It will be appreciated that, regardless of its shape, a large, rough- 
cut file is the best for heavy work, although a rough half-round file 
used with the flat side uppermost cuts better than a flat one, because 
the teeth clear themselves more easily. 

Brass does not cut readily if a worn file is used, especially if it be 
of the rough-cut type, so it is advisable to keep some new files 
exclusively for the softer metals. The teeth of a file sometimes 
become clogged with filings, a condition known as * pinning.” A 
file card, or wire brush, will remove the obstructions. Brush the 
file heavily in the direction of the slope of the teeth—i.e., along 
the teeth and not across them. When pieces of soft metal, such 
as solder, become embedded in the teeth it may be necessary to use 
the edge of a piece of tin to dig them out. Brushing the file over 
with paraffin or turpentine often prevents pinning. 

Where a very fine finish is required on a piece of metal and a 
sufficiently smooth file is not available, it will be found very satis- 
factory to rub chalk into the teeth of an ordinary smooth file. This 
reduces the effective depth of the teeth, and therefore their cutting 
power. The chalk may subsequently be removed with a file card 
used as shown in Fig. 13. 

There is no really practicable method of sharpening worn files, 
but it is sometimes helpful to immerse them for a few minutes in 
hydrochloric acid, afterwards washing them thoroughly in running 
water. 

There are special files on the market to deal with aluminium 
alloys, as these materials are apt to clog the teeth of an ordinary 
file to a much greater extent than most other soft metals. 
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In view of the somewhat delicate nature of file teeth, these tools 
should never be thrown together in a drawer or left lying about on 
a bench, or they will quickly become damaged. Keep them in a 


NS 
Fig. 13. Clogged teeth can be cleaned with a strip of 
file card tacked to a piece of wood. 


rack at the back of the bench. A length of old leather strap makes 
a good file-holder, pockets being made by looping the strap before 
nailing it up. 

The good mechanic always cleans a file before putting it away, 
and if the workshop is damp he will either dip the tool in oil or 
wrap it in an oily cloth. 


Hacksaws 


The tool used for sawing metals is the hacksaw. This consists of 
a steel frame (the adjustable frame is the best for general use), 
a handle, and a thin blade of properly tempered tool-steel. Blades 
are made in various lengths, and they are obtainable in different 
pitches (i.e., the number of teeth per inch). This is because some 
metals are cut best with a fine-toothed blade and others with a 
coarse. The blades are accordingly manufactured to meet these 
requirements, and are obtainable from 14 to 32 teeth per inch. For 
thin-walled tubing and for sheet metal less than 18 gauge, use a 
32-toothed blade ; for copper and brass tubing,. channel iron and 
sheet metal over 18 gauge use a 24-toothed blade; and for alu- 
minium, cast iron and most other solid stock use the 18-toothed 
blade. For general work a blade 12-in. long is favoured by most 
engineers. 

To make a good job of sawing, make sure that the blade is taut 
in the frame and that the work is rigidly held in a vice. If the metal 
to be sawn is soft, use clamps of lead or wood to prevent the vice 
jaws from marking it. Start cuts by having the blade almost parallel 
to the surface, as this imposes less strain on the blade teeth, which 
should, of course, point away from the operator. Saw with a steady 
forward pressure and at a speed of about 50 strokes to the minute. 
Never increase this above 60. When starting the cut, use short 
strokes, lengthening them as the cut gets deeper, until the full 
length of the blade is in use. Another useful tip is to keep to the 
one sawing angle throughout, for changing it binds the blade and 
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prevents its removal. The saw should be held at each end, and 
throughout the cut the blade should not be twisted or it will break. 
Do not bear hard on the blade during the cutting stroke, as should 
it snap there is a danger of cutting the hand. Always slow up on 
the last few strokes and raise the sawa little on the backward stroke 
to prevent the teeth from catching. Hold the blade so that the 
far end of the saw is slightly lower than the handle all the time 
and a see-saw motion avoided. 


Chisels 


Engineers’ chisels are made of carbon tool steel, hardened and - 


tempered at the cutting edge and a little softer where the hammer 
strikes. They have a large number of uses, including the cutting of 


Plain Cross-cut Diamond point Round nosed 
Fig. 14. Commonly used engineers’ chisels. 


grooves in bearings, cutting keyways in shafts and in wheel hubs and 
cutting metal sheets which are too thick for the shears or too 
awkwardly placed for sawing. Fig. 14 shows the most commonly 
used chisels. 


= Ea 
Fig. 15. The hammer and flat chisel used to shear 
sheet metal in the vice. 


If the sheet is narrow it can sometimes be gripped in a vice so 
that the line to which it is to be cut runs as near to the jaws as 
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Possible as in Fig. 15. Place the chisel—in this case the flat chisel— 
against the work, and then tilt the blade slightly so that one corner 
is away from the work. In this manner the blade operates in much 
the same manner as a shear, and the work is more easily cut. Large 
sheets are best laid on a soft-iron block, and the cut started from 
the far end, working towards the operator. Here, too, the chisel 
should be tilted to obtain the shear action. 

The flat chisel has, of course, many other uses besides cutting 
sheet metal, and it is extremely useful for cutting off rivet heads 
and nuts and bolts which have become rusted in. A round-nosed 
chisel is used for cutting oilways in bearings, and a cross-cut for 
keyways, with sometimes a diamond Point for finishing them, 

The best way to hold a chisel is to press it lightly against the base 
of the fingers with the second and third finger, leaving the first 
finger free. Don’t look at the hammer nor at the chisel head, but 
at the work being cut. 

After a time chisels become 
blunted, but may be resharpened by 
grinding. The angle for a flat chisel 
should be 60°, with the edge very 
slightly rounded, as shown in Fig. 16. 
Most engineers make up a template 
from a piece of mild steel, as this 
saves time in measuring the angle 
by other means. 

When the cutting edge becomes Fig. 16. A template saves time 
too thick, as it will do after fre- when sharpening chisels. 
quent grinding, the tool should be 
heated and drawn down to shape with a hammer and then retem- 
pered. Manufacturers have special gas or electric ovens for tem- 


Pering, but for normal work the method described on page 149 is 
quite satisfactory. 


‘Template 


Drilling 

Holes in metals may be made either by punching or drilling. 
Punching can be done only on sheet metal of thin gauge, so we will 
confine our remarks here to drilling. A drill is a precision tool 
made from carbon steel. It consists of a body which provides 
strength, flutes which guide the spirals of cut metal out of the hole, 
lands, and the cutting edge. These parts are illustrated in Fig. 17. 
The lands are narrow strips of metal which stand out from the 
flutes, and their purpose is to provide a clearance and also act as 
reamers to put the finishing touch to the hole. The flutes also 
ensure the correct cutting-angle, the normal degree of twist being 
274°. 
f As far as the mechanic is concerned, however, it is the cutting 
angle which is the most important, for upon it depends the sharpness 
of the drill. The standard cutting edge is 59°, although when 
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drilling cast-iron or brass the best angle is from 45 to 50 degrees. 
It is therefore usual to keep a set of drills specially for these metals 
rather than to regrind them.When the metal to be drilled is very soft, 
the angle is made still greater, and for cutting thin brass sheet the 
drill is sometimes quite straight 
across, with an angle of 90°. 
These drills have a small pro- 
jection or pipe in the centre to 
act as a guide. 

In addition to the cutting 
angle, it is necessary to have a 
clearance of 5° for the actual 
cutting edge. To obtain this 
requires a little practice, for 


Fig. 17. The correct shape for the sharpening a drill is not just a 
point of a twist drill. In each case matter of rotating its endagainst 
‘c’ denotes the cutting edges. a grinding wheel and getting 


the right cutting angle. By 
far the best method is to get a drill-grinding attachment for a grind- 
ing wheel, as this will save much time. A grinding attachment 
prevents the point of the drill being placed out of centre, as may 
well happen when ground by hand, and unless the actual point is 
midway, the drill will actually cut a larger hole than the diameter 
of the drill, and in this case, too, one edge will do all the work. 
Where the metal being drilled demands a lubricant—and this is 
necessary if the drill squeaks—the following should be used :— 


Metal Lubricant 
Aluminium ig 8 .. Paraffin. 
Aluminium alloys at .. Paraffin and rape oil. 
Brass and bronze we .. Paraffin. 
Copper .. as ve .. Soapy water. 
Cast iron... - wi .. None needed. 
Duralumin bs ae .. Paraffin. 
Monel metal... 3 .. Lard oil 90%, turps 10%. 
Mild steel.. ie - .. Soapy water. 
Wrought iron .. i .. Soapy water. 
Malleable iron .. Soapy water. 


Normally a lubricant is not required on brass. 

Trouble is often experienced at the end of drilling a hole when the 
drill begins to break through the other side and lock with the frayed 
metal. As this may break the drill, ease the pressure. It some- 
times helps if the drill is rotated in the reverse direction. Drilling 
machines are of many types, the hand, breast, bench and electric 
being the most common. The hand drill is suitable for light work 
only, the breast drill for slightly heavier work, and the bench drill 
for the largest drills. Electric drills will take anything up to 2-in. 
so long as the motor is powerful enough. 

Successful drilling depends as much upon correct marking out as 
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it does upon the sharpness of the drill, and free use should be made 
of the centrepunch, which not only locates permanently the exact 
centre of the hole to be drilled, but it makes a slight depression to 
act as a guide for the drill point. If no punch mark is made, the 
drill will wander and make a hole anywhere but in the right place. 

The usual procedure when marking out is to rub chalk over the 
area, and then to scribe two lines which intersect at the centre of 
the proposed hole. Place the centrepunch point exactly on the 
intersection and tap lightly with a hammer. Inspect to see if the 
point is correct. Should it be a little out, re-insert the punch 
but this time lean it to point in the direction of the correct location 
and tap again. When the right place has been found, put the punch 
vertical and strike a harder blow. If the incorrect punch mark is 
more than 1/16 in. out, ignore it and make another. 

When more accurate drilling is required, scribe a circle the size 
of the finished hole, using the centrepunch mark as a centre. Then 
lightly punch four indentations around the circumference of the 
circle. These punch marks are known as “ witness marks.” Should 
the drill then run out of true, and this will happen unless it is held 
vertically, run a round-nosed chisel groove from the drill depression 
that is nearest the correct centre down to the centre, thus forming 
a fresh starting-point. 

Select the correct size of drill, and make sure that it is sharp, then 
clamp the work securely in a vice or by means of clamps, etc., and 
insert the drill in the chuck. Push the drill shank right down to the 
bottom of the chuck or it may not be in Proper alignment, and 
the drill may be broken. Once you have started drilling, do not 
try to alter the angle of operation. Ifa hand drill is used, turn the 
handle as rapidly as possible, and keep a steady pressure on the drill 
just sufficient to ensure a cut. Over-pressure will snap the drill if 
it is a small one. 

When a hole has to be tapped, one is sometimes uncertain what 
size of drill to use, and it is recommended that a copy of * Tapping 
Drill Sizes” be purchased from the British Standards Institution, of 
28, Victoria Street, London, $.W.1. The price, including postage, 
is 2s. Alternatively, a chart may sometimes be found in one of 
the engineering year books. 


Thread Cutting 


Cutting threads is a task which well repays care and understand- 
ing, for if a thread is properly cut, the nut will run along it smoothly 
and without slackness or binding. Screw threads vary in form a 
great deal, and this is because certain types are better for certain 
purposes than are others. In England, the Whitworth vee thread 
is one of the most commonly-used in engineering work, but 
machinery from the United States mostly has the Sellers thread, 
so that it will be as well to understand the characteristics of each. 

ce 


—— 
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The Whitworth thread is seen at the top of Fig. 18. Note that 
there is an angle of 55° between the threads, and that both the 
point and the root are rounded. There is, too, a definite relation- 
ship between the depth of a 
thread and the pitch (the pitch 
being the distance between the 
two crests as shown in the 
illustration), and this depth is 
usually .64 of the pitch. The 
lower drawing shows the Sellers 
thread, and it will be noticed that 
the angle of inclination between 
the threads is 60° and that the 
f y crest and root are flat. 4 

ae Another type of thread use 

Sellers Thread a good deal’ is that known as 

Fig. 18. the B.A. (British Association) ; 
the angle of this is 474°, and the crest and root are more rounded 
than the Whitworth. You will also hear a good deal of a thread 
known as the B.S.F. (British Standard Fine). This is much finer 
than the Whitworth—which means that it has more threads for a 
given distance along the screw. This thread is used for screws and 
bolts which are subject to shock and vibration. 

There are also other types of 
thread, see Fig. 19. The square 
thread, the knuckle thread, the 
Acme and the Buttress threads. 
The square thread is not quite so 
strong as the vee, but as the 
square has less friction to over- 
come it is used for transmitting 
motion, and is found on vices 
and on clamps, etc. The knuckle 
thread is on lathes, as also is the 
Acme, for the form of these 
permits the half-nuts to engage 
easily. Ina lathe the cutting tool 
has to be fed along the job, and 
it is necessary that this movement ; 
can be started and stopped S S SS 
instantly. To accomplish this a Buttress Thread 
long threaded bar is made to Fig. 19. 
revolve in the front of the 
machine and a device consisting of a short tube threaded internally 
and split along its centre is made to clamp on to the revolving bar. 
To ensure speedy engagement, either of the two threads mentioned 
isused. The Buttress thread is usually found on woodworkers’ vices, 
for in these appliances the thrust is mostly in one direction. 


Sitch 
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To cut a thread on a bolt or rod, a device known as a die is used. 
This is sometimes like a nut with clearance holes for the metal that 
is cut away. The die is made of cast steel and is hardened. Fig. 20 
is of a stock and die, which is really a pair of dies (in this case a die 
comprises two halves of the “ nut”) and a holder. The die cutters 
are held in the stock in vee guides, and there is a screw for pushing 
the two halves of the die closer together. The same stock can be 
used for several different sizes of die. The screw for tightening is 
drilled to take a tommy bar. 


Fig. 20. Stock and dies used for thread cutting. 


To use this type of die, the rod on which a thread has to be cut is 
slightly tapered with a file at the end, and then held securely in a 
vice. The dies are opened and the stock placed over the end of the 
rod, the screw is then turned and the dies closed until they just 
hold the stock in position. The stock is then turned (taking care to 
keep it level) and a shallow thread cut. Then the stock is turned 
in the reverse direction until it is once again at the top of the rod. 
The dies are then tightened up a little more and the process repeated. 

When cutting threads on iron and steel be sure to use plenty of 
oil, otherwise friction of cutting will heat up the die and take the 
temper out of it. Carry on, tightening a little more each time 
until the thread has been cut to the correct depth. This is tested 
by using a nut which should run down smoothly but not loosely. 
Do not use dies on a rod which is too thick, as this always results 
in the thread being damaged, and sometimes completely stripped. 
If the rod is of smaller diameter and of soft metal, it might even 
break off. Use the dies carefully, therefore, keep the clearance 
holes free, and a perfect thread will result. 


Fig. 21. One-piece die and stock. 


Fig. 21 is of another type of stock and die. In this case the die is 
in one piece, but it has a cut to the centre which permits a slight 
opening and closing. The stock has three screws in it, the two 
outside ones being used to close the gap a little, so making the die 
smaller, and the centre screw serves both to hold the die in place 
and also to open it slightly. This die is used for smaller sizes, 
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and when using it make sure that the flange on the stock lies above 
the die when cutting. Dies are chamfered on one side to give a 
lead-in, and often they are stamped with the words, ‘ Start from 
this side.” Obey this instruction as it will save trouble. 

For still smaller sizes a device known as a die-plate is used. This 
may have up to a dozen different sizes of cutters, and it is a useful 
tool for small work, such as electrical equipment threads. 

The die-nut is another useful tool. It is exactly like an ordinary 
nut except that it has clearance holes, and it is, of course, of cast 
steel and hardened. It is used chiefly for running down the threads 
of engine cylinder studs, for the ordinary stock cannot be used here. 
The die-nut is turned with a box or an ordinary spanner, and it is 
available in all sizes. 


. Internal Threading 


Cutting internal threads is known as tapping, the tool being a 
fluted steel rod that is threaded like a bolt, with one end squared 
for use in a tap wrench. Taps are frequently sold in sets of three, 
one having a fair amount of taper, one with less (this is known as 
the second tap), and the third has no taper, and is called a bottoming, 
or plug, tap. This is used when cutting threads into blind holes, 
such as when fitting a stud. The first step is, of course, to drill a 
hole through or into the metal, and some care is needed to ensure 
that this is of the right size, for if it is too small the tap will jam 
and break, and if too large the thread cut will not be deep enough 
to ensure strength. The hole must, of course, be a little smaller 
than the diameter of the bolt to be screwed into it, and the right 
size for any screw may be found by consulting the tables printed in 
various engineers’ year books. 

To cut the thread, insert the taper tap in the hole and fit the tap 
wrench, and turn it gradually, keeping the tap vertical. Use great 
care when tapping, particularly with the smaller sizes of tap. Turn 
the tap a little at a time, for it must not be used as a drill, otherwise 
the chippings will not come out of the hole and the thread will be 
damaged. The best practice is to turn forward a quarter of a turn, 
then back a like amount. Use oil freely when tapping iron or steel, 
but on non-ferrous metals and most alloys it may be used dry. 


Reamers 


Reamers are useful appliances in any workshop, for, with their 
aid, holes may be enlarged, tapered, or all brought to exactly the 
same size. It should be made quite clear, however, that a reamer 
is not intended to take the place of a drill, but merely to true up or 
slightly enlarge holes. To force one end of a reamer into a hole 
and then press hard and turn it is to invite disaster, for the reamer 
is a somewhat brittle tool and one deserving care in use. To get 
accurate results—and this, after all, is the purpose of reaming— 
the tool should be allowed to scrape off only the last few thousandths 
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of an inch of metal, and when one understands that a reamer is 
simply a scraper—or rather, a series of scrapers—set around a 
central rod, the folly of using it instead of a larger-sized drill will 
become apparent. 

Reamers are made of cast steel, tempered and hardened, and 
the upper end is squared for use in a tap wrench. The tools are 
obtainable in several types, one having straight flutes, and another 
spiral flutes. Both may be parallel, or both slightly tapered. They 
may be obtained in a very wide range of sizes, ranging from those 
used by watch repairers up to those used in large engineering 
workshops, and of 2 in. or more in diameter. The general run is 
from 4 in. to 14 ins., in steps of 1/64 in., and upwards in steps of 
1/32 in. Reamers are also obtainable with Morse tapered shanks, 
so that they can be used ina drilling machine. There is one reamer 
which is both tapered and parallel, for the top half is parallel and the 
remainder tapered. Expanding reamers are used a great deal in 
the motor industry so as to save the expense of buying a large range 
of the fixed type. The tools are expanded by means of a wedge 
and screw, but such appliances should be 
used only by experienced men, as the cost is 
high and they are easily damaged. 

Reamers with spiral flutes are generally 
used because they are slightly more accurate 
than the straight-fluted kind, which are 
inclined to ‘ chatter” when in use. When 
reaming by hand, the tool should be turned 
slowly, but a little faster than the tap, and a 
steady pressure applied as the tool is turned 
at a uniform speed. A few drops of thin oil 
should be used as a lubricant. 


Riveting 

Riveting is a useful means of forming a 
semi-permanent joint between sheets of metal, 
but unless it is done properly it will actually 
weaken the metals. Before describing the U 
various ways of riveting, it will be necessary Fig. 22. Some types of 
to say something about the rivets themselves, reamers used to taper 
for there are several kinds, each of which ortrueup holes already 
has been designed for a special purpose. ; 

Fig. 23 shows some common types. Asa rule rivets used should 
be of the same metal as that to be joined, otherwise electrolytic 
action is likely to be set up, which will eventually loosen the joint. 
Rivets are made from mild steel, wrought iron, copper, brass, 
aluminium, etc., and for tinplate work they are of tinned iron. 

Countersunk-headed rivets are used on thickish materials when 
it is desirable that the finished join shall be free of projections : 
they are widely used for toolmaking, but are not often used on the 
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farm except in the construction of some ploughs. Snap-head rivets 
are used more than any other type, particularly in the construction 
and repair of agricultural machinery, for they are enormously 
strong. There is another rivet often used for engineering work, 
and this is the ‘‘ pan head.” This has a round, flat-topped head, 
which tapers slightly from the shoulder where it joins the stem. 
Flat-headed rivets are usually made in the softer metals, such as 


copper, brass, and so on, and are chiefly used for light work, such 
as small tank construction. 


2) 2) © © 


4) 
Fig. 23. A—Countersunk rivet, closed with snap head 
at B, or with countersunk head at C. The snap head rivet 
D similarly closed at E and F respectively. G—Hollow 
rivet. H—Bifurcated. I—Tinmans. J—Pan head. 


It is very important that when joining metal plates together, | 


such as when making a simple lap joint, as shown in Fig. 24a, not 
only must the rivets be of the correct length but the holes drilled 
in the sheets must be of exactly the right size. The object when 
riveting is to fill the holes completely and not to have a bent rivet, 
such as that in Fig. 24b. Then, again, it is necessary that the rivets 
used are not too thin in comparison with the thickness of the plates. 
If, for example, the plates are half an inch thick (each), then the 
diameter of the rivet should be not less than three quarters of an 


inch, for should the join have to bear a stretching strain, the edges - 


of the holes would tend to act as cutters, and will shear a rivet in 
two if it is too small in diameter. 

Having selected the right type and diameter of rivet, the next 
thing is to get one of the right length. This should be such that, 
when the end is burred over, a strong head results. Roughly 
speaking, the amount to project through the hole in the plates 
should be 14 times the diameter of the rivet. If more than this 
is allowed the rivet will bend over instead of forming a well-shaped 
head, and if less is allowed the head will be so small that the joint 
will come apart when under strain. 

When drilling holes in plates, drill both plates together if this is 
possible, so as to ensure correct register, but if this cannot be done, 
make sure that the holes are as accurately positioned as possible. 
After drilling, clean away the burr formed by the drill. When a 
rivet is inserted in the hole, place the head on a firm surface and 
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pean or clinch it over with a ball-ended hammer, taking care that 
the two plates are held tightly together in the process. Soft rivets 
are usually peaned over with the aid of a special tool, which is like 
an ordinary punch, except that the face has a shallow depression 
which fits over the end of the rivet. A very neat job results from 
the correct use of this tool. — 

As will be seen from Fig. 24a, SG GG ISS 
a single lap joint is made by laying Y\ We 
one piece of metal on top of the CF 
other, but other methods, such as 
the.single butt joint or a double 
strap-cover joint are often desir- 
able. These joints are illustrated 
in Figs. 24c and 24d. 

Rivets should be placed not more 
and not less than two rivet 
diameters from the edge, and not 
less than four diameters apart. 
Thus, suppose you are using 4-in. 
rivets, the centre of the hole 
should be 3 in. from the edge of the 
metal, and the holes 1 in. apart. 

Clinching a rivet requires a 
certain amount of practice to 
accomplish properly, for upon it 
depends not only the strength of 
the joint but the appearance of the 
finished job. Start by placing the 


job, rivet head down, on a firm Double strap cover joint 
base, such as an anvil or a heavy 4 
vice, and then strike the rivet bewe 


squarely with the flat of a hammer. 

This will spread the rivet slightly over the edge of the hole. Then 
use the ball end of the hammer and strike all round the edge, work- 
ing round and round to form a shapely head. Do not direct the 
hammer blows vertically downwards, but direct them toward 
the centre. It is a matter of practice to get a good head with a 
minimum of blows, for too much hammering will harden the rivet 
and will, if carried to excess, tighten the plates so much as to buckle 
them. All the same, see that each rivet is firm. 

Copper rivets are often used for joining leather straps, but in this 
case put a copper washer over the rivet before clinching. The hole 
in the washer should be only slightly larger than the rivet. A flat- 
headed hammer is the best tool for this work. 


Soldering 
Soldering is a method of joining separate pieces of metal using heat 
and an alloy called ‘solder.’ Solder is a mixture of tin and lead 
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and has a comparatively low melting-point, although the proportions 
of tin and lead have the effect of raising or lowering that point. 
There are actually several kinds of solder—a plumber’s solder, which 
has a lower melting-point than lead, because it is used to join lead 
pipes ; and tinman’s solder, which is used for joining most other 
metals. 

The most commonly used solder contains about half lead and half 
tin, and its melting-point is approximately 415° F. Being made of 
two soft metals, it obviously cannot make a very strong joint, and 
it should consequently never be used if breakage would result in 
injury of someone. There is another solder, called “hard solder,” 
and this is composed of silver, copper, zinc, etc., and it has a melting- 
point of from 1,600° F. to just over 1,800° F. The use of this material 
is described later in this chapter. A third solder, usually called 
“‘spelter,” is composed of copper and zinc and some other metals, 
and it is used for brazing, a subject that is also dealt with later in 
this chapter. 

Soldering is by no means a difficult operation, but unless certain 
rules are followed, the results will be poor. The first essential is 
that the surfaces to be soldered must be clean and quite free from 
all forms of dirt, corrosion, grease, oil and tarnish. There are 
various methods of cleaning metals that are to be soldered, for 
scraping, filing, buffing with emery cloth or with sandpaper are all 
commonly used. The main thing is to see that the whole of the 
surface to be soldered is clean, particularly corners and cracks. 

Although the surfaces may be cleaned Properly, the metal has to 
be heated to enable the solder to flow Properly, and heating has 
the effect of tarnishing the surface and Preventing the proper 
adhesion of the solder. To overcome this the surface must be 


protected from exposure to air, and this is done by using a substance 
called “flux.” 


Fluxes 


All fluxes have the same effect as regards the exclusion of air, 
but some of them not only remove the oxide tarnish, but also eat 
away the metal to be soldered. Zinc chloride, which is made by 
adding some small pieces of zinc to hydrochloric acid is one such 
corrosive flux, and for this reason it should never be used in the 
soldering of electric wires, because the flux will continue its action 
and eventually eat its way right through the wire. Borax is another 
corrosive flux, but this is used in hard soldering, as we shall see later. 

As to the non-corrosive fluxes, rosin is the most common, and it 
can either be purchased in lump form and crushed to a powder 
before use, or it may be purchased as a Proprietory article mixed 
with a wax or tallow. There has recently come on to the market a 
rosin-cored solder which is extremely handy and very efficient. 


Not all hollow-wire solders are non-corrosive, however, for some 
are made with an acid core. 
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The Soldering Iron 


The third essential to good soldering is some means of applying 
heat to the prepared surfaces and to melt the solder itself. This is 
usually done by a soldering iron, which consists of a piece of copper 
bar, an iron rod riveted to the copper, and a wooden handle. 
Copper is used for the tip, or “ bit,” of the soldering iron because it 
conducts and gives off heat readily. 

Heating of the iron may be from a blowlamp, gas-ring, etc., or 
it may be through an internal electric element. If no soldering iron 
is available but a soldering job has to be done, one may use a steel or 
a brass rod, although this will require more frequent heating. It 
should be “ tinned ” in the same way as a copper “ bit.” 

Tinning 

Tinning is the process of coating the working point of the copper 
bit with solder, as the bit naturally is liable to tarnish when heated, 
and a well-tinned iron readily transfers its heat to the objects to be 
soldered as well as assisting the melted solder to flow more easily. 
To tin an iron, heat it until rainbow-like colours appear on the 
copper head. This means that the iron is a little above the melting 
temperature of solder. Next remove the tarnish by rubbing the 
Part to be tinned in flux and solder. It is useful to have a block of 
wood containing a small depression, and to apply flux and solder, 
rubbing the iron in this until the end is coated all round. It is, of 
Course, not necessary to tin the whole of the copper, but only that 
Part which will be used for coming in contact with the metal to be 
soldered. An iron will not need tinning every time it is used, and 
as a rule it is necessary only to heat it and dip the point into flux. 

When the iron is tinned, heat it again until solder will readily 
melt when touched on it, and apply the iron to the surfaces to be 
soldered. These should, of course, have been given a coating of 
flux unless a cored solder is used. Rub the iron over the surfaces 
until a thin film of solder covers them. Remember that the metal 
is heated by coming in contact with the hot iron, so do not use only 
the point of the iron, but see that a flat part makes contact. Apply 
solder to the iron as it is moved over the metals to be joined, and 
see that the solder flows freely all the time. If it does not, then the 
iron is too cold. Do not apply a lot of solder, for a thin coat is 
actually much stronger. 

Should it be necessary to solder a long joint—such as when 
attaching the bottom of a large can—place a drop of solder at inter- 
vals along the seam just to hold the two pieces of metal in position, 
then run along the seam as directed above. If the surfaces to be 
soldered are wide, tin each surface and then hold them in close 
contact either by placing a weight on them or by using some form of 
clamp, and then put the soldering iron on the metal so that the 
heat melts the tinning and the two surfaces fuse together. This is 
called “ sweating.” Finally, do not disturb a soldered joint until it 

cf 
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has set and is comparatively cool. If a soldered joint is watched 
throughout the process one will see the surface of the solder cloud 
over soon after the iron has been removed. It will be hard enough 
to remove pressure a few seconds later. 


NUT WIRED TO 
PIPE 


Fig. 25. Soldering on a fuel-pipe union. 
The.nut is first threaded over the pipe 
and wired in position as shown. 


Silver Soldering 

It sometimes happens that an ordinary soldered joint would 
not be strong enough to withstand vibration and if trouble 
has been experienced and petrol pipe unions constantly break 
away, silver soldering should be resorted to. This is really a 
form of brazing, but it requires less heat, and is particularly well 
adapted for small jobs. The flux used is usually borax, but boric 
acid, or even a combination of the two, will do equally well. 

The spelter—or brazing material—may be obtained either in 
wire form, or it may be obtained from an optician, in which case it 
is normally in small sheets. To silver-solder a petrol pipe union, 
first clean both the pipe and the union thoroughly and see that they 
fit closely together, for unlike solder, the spelter is expensive. 

‘Cut a narrow strip of the spelter and bend it so that it will fit 
fairly loosely round the pipe, then pull it well back up the pipe. 
Now heat both pipe end and the union, and apply a little borax 
(mixed with water), using a small brush. Push the union on to the 
pipe and apply a little more of the flux, and then slide the spelter 
ring down until it rests on the nipple. Keep in the flame until the 
spelter melts, and then remove it, and the job is done. When it is 
necessary to silver-solder two parts which cannot be fitted together 
as the pipe and union, set one part firmly on a base and clamp the 
other in such a manner that it will lightly press on to it in the right 
Position for brazing. Apply flux and heat, then place a small piece 
of spelter between the two surfaces to be joined, taking care not 
to upset the light contact, and then heat until the spelter flows. 
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Brazing 


Where specially strong joints are required, a solder repair is 
insufficient, and recourse must be made to brazing. For this 
operation a fairly powerful blowlamp, or a gas blow-pipe, is required, 
together with a supply of brazing wire, or spelter, and flux. The 
work is carried out at a bright-red heat, so that if the parts to be 
brazed are large, a lamp with a capacity of half a gallon or more is 
needed, and a small brazing hearth will help to conserve the heat. 
Fig. 26 shows two brazing hearths, one for gas and the other for 
blowlamp use. This latter one can be made out of an old 5-gallon 


Fig. 26. Brazing hearths: on the left for gas, on the right for 
blowlamp use. The latter can be constructed from an old 
5-gallon oil drum. 


oil drum cut to the shape shown. Charcoal, used coke, asbestos, 
or broken firebrick should be placed in the hearth to ensure the 
even distribution of the heat. 

By way of illustrating the process, imagine that the yoke on the 
end of a brake rod needs reconditioning through wear. Assuming 
that the holes in the yoke have worn oval, they may be opened out 
with a drill or a reamer to take the next available standard size in 
commercial steel rod. A piece of rod, which should be a good fit in 
the enlarged holes, is then driven through the yoke. The rod is 
cut off so that the ends are just ‘‘ proud ” of the yoke faces on both 
sides. Although not necessary in this case, there are many brazing 
jobs in which it is necessary to pin the two parts firmly together. 

Before the yoke and rod are assembled preparatory to brazing, 
make up a stiff paste of borax and water and paint it on the rod. 
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Then stand the assembly in the brazing hearth and surround the 
joint with the coke or whatever material is used, leaving an opening 
in the front to allow the blowlamp flame to play on the joint and to 
provide room for manipulating the brazing wire. 

The joint must be heated to a distinctly bright red, when the end 
of the brazing wire can be held in the lamp flame for a few seconds 
to warm it before dipping it into the flux. A small quantity of this 
flux will adhere to the end of the wire. Touch the wire on to the 
joint, and the flux will at once flow readily into the joint and over 
the general surface, and if the heat is sufficient, the wire will melt 
and run into and around the joint. Apply more flux and a little 
more brass until enough has been melted to ensure that the whole 
inner surface of the joint is covered. 

The lamp flame can now be withdrawn and the joint allowed to 
cool down slightly—just enough, in fact, to ensure that the brass 
has solidified. The job is then lifted out of the hearth and brushed 
vigorously with a wire brush to remove the semi-molten flux which 
will be adhering to it. This is done to reduce, as far as possible, 
the labour of cleaning-up the joint when cold, as the flux takes on 
the appearance and hardness of glass, and is, therefore, more difficult 
to remove with a file. After brazing, the projecting ends of the 
rod are filed flush with the yoke faces, and the new holes carefully 
drilled. To complete the job, the part of the rod between the yoke 
jaws is cut away with a hacksaw and the inner faces trued up with 
a file. When all surplus metal has been removed, the joint may 
be polished with emery cloth. One of the secrets of brazing is in 
doing the job quickly and avoiding heating the metal more than 
necessary. 


Blowlamps 


The blowlamp is an extremely useful piece of equipment to 
have on the farm, for not only can it be used for heating soldering 
irons, but it will be handy for heating nuts which are stuck on a 
bolt, warming. a tractor intake manifold on a cold morning or 
thawing a frozen pump or water pipe. Most blowlamps use paraffin 
as their fuel, although there are many that will take petrol as well, 
and some which require petrol only. If petrol is used, do not use 
a leaded fuel, as the fumes of combustion are poisonous. 

Most blowlamp troubles are caused through improper treatment or 
through neglect. Pump leathers sometimes dry out, and if the 
lamp has not been used for a long time, it will save bother if the 
leather is oiled before the lamp is put into service. Another common 
trouble is failure of the check valve at the bottom of the pump. 
In some makes this valve is made of cork, and is held on its seating 
by a spring. Whatever the type of valve, both the ball and the 
seating should be quite clean, and in case of trouble dismantle the 
pump and wash all the parts in paraffin before re-assembling them. 

Leaky joints may be stopped by unscrewing them and applying 
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a little hard soap. If the gland leaks, close the valve tightly and 
then tighten up the stuffing box slightly. Never overdo this 
tightening of a gland, or the valve will be too stiff to function 
properly. 

When you have finished using a blowlamp, shut off the control 
valve, and, when the flame has gone out, slightly open the valve 
again. This will assist in keeping the jet clean and wash away any 
carbon that has formed. It is useful to remember that if a valve is 
shut tightly and left in that state, the metal parts contract as they 
cool, so that the valve may be jammed when next the lamp is needed. 
If a lamp is to be put away for a longish period, it is advisable to 
empty the fuel and to leave the jet valve slightly open. 

When heating a soldering iron in a blowlamp, do not let the flame 
play directly on to the tinned end of the iron, as re-tinning will be 
necessary. eoubes is an Toe endian of heat (that is why 
it is used in soldering irons), so it is suffici 
ihe body of the fhe Sone soley thettemerupon 


Abrasives 


When used intelligently, abrasives perfo 
in a workshop. Abrasies as distance eemrer rains eee ee 
are dealt with ae ers are of several kinds. & eels, which 

aper and emery cloth, crocus cloth and crocus pow 
Eduider and paste, and various abrasive eries eee en 
used for putting the final cutting edge on certain tools F Y 

Emery cloth is used for hard metals, such as iron and steel. le 
consists of powdered emery glued to cloth in much the same wa 
as sand is glued to paper for woodwork. Emery cloth is ober 
able in various degrees of fineness, ranging from 000 (the finest) 
00 and 0. Then in the medium range there are Nos. 4, 1, 1Land 2. 
while very coarse Is No. 2 or No. 3, although the latter is seldom 
used. The mechanic will probably find Nos. 0, 1, 12 and 2 
sufficient for all general purposes, although a few sheets of 000 
are useful for the finest work. It is usually better to back up emery 
cloth with a strip or block of wood, particularly if a flat surface is 
required. . 

Crocus cloth is iron oxide (rust) glued to cloth, and it is an 
extremely fine abrasive which produces a high polish on soft metals 
such as brass, copper and aluminium. Coarse abrasives scratch 
these metals too deeply. 

Wire brushes and steel wool are other abrasives, and are used 
mainly for cleaning off rust scales and so on. Steel wool can be used 
effectively for polishing metal or for general cleaning. Several 
grades are available, but use the fine on soft metals. 

It is dangerous to use emery cloth on soft metals, because particles 
of the abrasive become embedded and are difficult to remove. 
Emery should not be used on any electrical machinery (neither 
should steel wool or carborundum), as most abrasives are conductors 


There is emery 
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and may cause a short-circuit. Commutators of motors and dynamos 
should be cleaned with fine glasspaper, and then thoroughly cleaned 
out with an air blast. 

A little thin oil applied to emery cloth makes it finer, and is often 
used in the final polish. 


Grinding Wheels 


An indispensable appliance in any engineering workshop is a 
bench grinder. It may be hand operated, driven by electricity, or 
run from overhead shafting, but whatever means of rotation is used, 
it is the grinding wheel itself which is the most important as far as 
the mechanic is concerned. 

The two essential parts of all grinding wheels are the abrasive, 
which does the actual work of cutting or grinding, and the bond 
which holds the abrasive particles together. Abrasives are selected 
according to the work they have to do, and both their degree of 
hardness and their size vary a great deal. Silicon carbide is the 
most commonly used abrasive, particularly for the low-tensile- 
strength materials such as cast iron, brass, bronze, aluminium, and 
so on. This material is very hard, but somewhat brittle, and for 
high-tensile grinding an aluminium oxide is recommended, as it is 
less liable to fracture. 

When a grinding wheel is in operation, the sharp abrasive teeth cut 
small chips from the metal, but in doing so they sooner or later 
become blunted. When this happens there is a great strain upon 
their anchorage and they are torn away, leaving new teeth or 
crystals to carry on the work. Thus a grinding wheel is always 
sharp, right to the end of its life. 

Although the two most commonly used abrasives are silicon 
carbide and aluminium oxide, they are not always known by those 
names, for each manufacturer has his own trade name. Thus it 
will be found that silicon carbide is known as Carborundum, Uni- 
rundum, Crystolon, etc., and aluminium oxide as Bauxilite, Aloxite, 
Alundum, and so on. 

The bond is generally clay and fusible materials, and, after being 
thoroughly mixed with the abrasive, it is put into moulds and pressed 
hydraulically. Then after it has been dried it is put into a kiln, 
from which it emerges as the finished wheel. It is during the 
mixing of the bond and the abrasive that the “ structure” of the 
wheel is determined, this being the proportion of bond to abrasive, 
giving the size of the air space between the grains and the bond 
posts. 

There are three terms used in grinding-wheel manufacture 
which the mechanic should know, and these are the “ grade,” 
“ grit”? and “ structure.” The grade indicates the relative strength, 
or holding power, of the bond, for when this is increased in quantity, 
the wheel is hard. The grit refers to the size of the crystals of 
abrasive, and these range from the very coarse to the very fine, 
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and are usually stated in numbers which represent the screen through 
which they pass. Thus a No. 10 grit means that the grains will 
pass through a screen having 10 lines per linear inch, and a 400 grit 
means that a screen having 400 lines per linear inch has been used. 
The structure has already been explained. 

Manufacturers all have their own system of marking their wheels. 
For example, Norton Abrasives may mark a wheel ‘ 3846-K5BE.”” 
The first two figures represent the kind of abrasive used, in this 
case it is a brand of Alundum. The next pair of figures (46) refers 
to the size of the grain, and the 46 is a medium grain. K means the 
grade, and this manufacturer has five groups : Very soft, E, PGas 
soft, H, |, J, K; medium, L,M, N,O; hard, P, Q, R, S; and very 
hard, T, U, W, Z. Thus the wheel we are discussing is of a soft 
grade. The next (single) figure (5) refers to the structure, and in 
this case it is of medium spacing. The last two letters (BE) designate 
the type of bond that is used, the vitrified (i.e., clay and fusible 
materials) being given these two letters. Thus our wheel 3846— 
K5BE is a silicon carbide wheel with a medium grain size, is soft and 
with a vitrified bond. 

Successful grinding does not only consist of having,the right 
type of wheel, for although the silicon carbide wheels should be 
used on low-tensile materials, one should obtain a coarse grain for 
the soft materials and a fine grain for hard, brittle materials. Then, 
too, a hard wheel should be used for soft metals, and a soft wheel 
for hard ones. Use wide grain spacing for rapid removal of material. 

The area of contact must also be considered, for the smaller this 
is the finer should be the grain of the wheel. Lastly, one has to 
consider the wheel speed, for the higher this is the softer should 
be the wheel. For most purposes likely to be encountered in the 
farm workshop, a surface speed of 5,000 f.p.m. is best, and it should 
be borne in mind that a larger wheel has a greater surface speed 
than a small-diameter wheel when the spindle speed is the same. 
One may gather from this that as a fast wheel cuts better, and is 
harder, slowing down the surface speed makes the wheel operate 
as a soft one. This is useful on occasions when a softer wheel is 
not available. 

Do not expect, however, that a single wheel will do every job 
equally well. If the surface glazes, then the wheel is too hard for 
the job, and although this can, as explained, be counteracted a 
little by reducing its speed, it is better to fit a softer wheel if possible. 
A wheel which wears rapidly is too soft. 

With regard to grinding in general, always fit a work-rest, and 
see that it is close to the wheel face, otherwise the work may catch 
between the wheel and the rest. Do not force work hard against 
a cold wheel, as the sudden heating may break the wheel. 

Finally, see that the grinder is fixed firmly and that it does not 
vibrate, and that the bearings are well oiled. 
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Welding 

Welding is the joining of metals by means of heat, and the ele- 
mental principle of the process is seen in the blacksmith’s shop, 
in which two pieces of metal are heated to a bright red and then 
hammered together until they become almost as one. In a good 
weld by this means, the join is approximately 75 per cent. as strong 
as the metal itself. This type of welding is now practically confined 
to the blacksmith’s shop, and used extensively in the repair of farm 
machinery. Many smiths, however, now undertake oxy-acetylene 
welding, not only because it is quicker, but it is stronger. It is 
possible, too, to weld parts which could not be handled in the forge 
by reason of their size, etc. 

Both oxy-acetylene and electric welding processes consist of 
running molten metal into the joint, and it is a process not confined 
to iron and steel, nor is the metal used in the weld always iron. 
Oxy-acetylene welding is used more by agricultural machine repairers, 
mainly because the plant is self-contained and reasonably portable, 
so that when necessary the complete outfit may be taken into the 
field and a sound repair job done with the minimum of delay. 

The equipment comprises two strong cylinders, one containing 
oxygen and the other acetylene gas. Each cylinder has a pressure 
gauge and a valve which regulates the flow. Good work can only 
be achieved if the welding nozzles are kept clean, and the nozzles 
so adjusted that an equal amount of each gas is being burned. 


The Repair and Building-up of Worn Parts 
by Welding 

With replacements still in short supply and expensive, the welder 
must make the best possible use of his equipment for rebuilding 
worn parts and, where possible, apply wear-resisting facings in 
order to prevent wear. Machinery parts are often scrapped because 
of wear at some point, whereas a few minutes’ application of the 
welding flame with a suitable welding rod would deposit enough 
metal to make good the wear and enable the part to be used again. 
The welding material suppliers list about half a dozen welding 
rods which can be used for this work, but, to begin with, the range 
of steel rods can be limited to a 34 per cent. nickel steel and to a 
wear-resisting alloy steel. The former rod provides a deposit 
which is easily filed but is a little tougher than ordinary mild steel. 
The wear-resisting rod usually contains manganese and chromium, 
and the deposit is, therefore, tough and wear-resisting, and is best 
finished by grinding or by hammering to shape. Bronze welding 
rods are very useful for building up many worn parts, owing to the 
ease with which the deposit can be filed or machined ; a manganese 

or nickel-bronze rod gives the toughest deposits. 
Building up worn parts should not be confused with hard-surfacing 
(or with hard-facing), which is a different procedure altogether. 


PRINCIPLES OF FITTING 41 


Hard-facing materials are excellent for preventing wear, but are 
expensive and need to be deposited economically ; therefore it 
is usually best to apply hard facings to new parts where the deposit 
can be thin. Furthermore, the deposit can only be shaped by 
grinding—it must not be hammered. There are many applications 
where hard facings can be applied to reclaiming worn parts, but the 
above considerations must be taken into account. Several makes 
and types of hard-facing rods are available ; for most agricultural 
purposes an iron-based rod would be quite satisfactory. 

For rebuilding worn iron castings, only cast-iron welding rods 
or bronze should be used. Cast iron can, of course, be deposited 
on to steel, and if it is chilled a very hard deposit will result. 


Surface Fusion 


The 34 per cent. nickel steel rod is deposited by the ordinary 
fusion-welding, neutral-flame procedure, and the alloy-steel rod is 
deposited with the excess acetylene-flame sweating technique 


neutral cone=N 


Excess acetylene “feather” 
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Fig. 27. Diagrams showing the excess acetylene flame sweating 
technique for depositing alloy steel rods. 


(known as surface fusion) (see Fig. 27). With this technique the 
surface to be built up is heated with the carbonizing flame until— 
through the welding goggles—it is seen to glisten or sweat. The 
surface is then ready for the deposit of weld metal. It is important 
to deposit only on the sweating surface and not to melt the surface, 
otherwise the wear-resisting characteristics of the rod metal will 
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be considerably modified. Bronze is, of course, deposited in the 
normal way without melting the base metal. 

Surfaces to be rebuilt should be clean and free from paint, oxide, 
oil, grease or other matter which might interfere with the efficiency 
of the bond between the deposit metal and the worn surface, or 
cause porosity of the deposit. In order to ensure a clean depositing 
surface, it is usually necessary to machine or grind, especially for 
the deposition of bronze and when the surface-fusion technique is 
employed. The surface of shafts should be carefully inspected for 
cracks or other defects, which might cause failure after rebuilding. 

When it is necessary to build up a point or edge, which has been 
entirely worn or broken away, copper backing plates may be used 
as a mould, or support, for the deposit metal. Fig. 28 illustrates a 


Badly worn edge or point 


0wy aot 


Copper plate 


Deposited metal 


Fig. 28. Use of copper mould plate for controlling weld 
metal when building up a worn point or edge. 


method often employed for building up worn excavator-bucket 
edges or ploughshare edges. Carbon plates may be used in the 
same way for bronze surfacing applications. In case of excessive 
wear of steel parts it is not usually economical to build up the whole 
of the worn portion with deposited metal ; it may, however, be 
possible to weld an entirely new piece of metal on to the worn 
edge, as shown in Fig. 29, which illustrates the usual method of 
rebuilding worn crawler-track units. 


Hard facing beads 


», 


Square bar 
welded on 


Round bar 
welded on 


; SS) CoN 
Fig. 29. Welding on a new piece of metal to rebuild badly worn edges. 


Large shafts—e.g., roller shafts—should be preheated before 
commencing to weld, thus reducing distortion, saving welding 
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gases and reducing the time necessary to make the deposit. In 
some cases a helper with another blowpipe can keep the job hot 
while welding is in progress. It is sometimes possible to localize 
the heat and avoid distortion by partially immersing the part in 
water. This may be done in the case of aluminium castings, or for 
bronze depositing on iron castings, or for building up ends of valve 
spindles, tappets, etc. 

As far as possible, arrange for the depositing surface to be hori- 
zontal or—as with welding—it may be slightly inclined, to allow 
welding upwards, thus reducing the tendency for deposit metal to 
flow forward out of control. When building up small narrow 
deposits, such as gear teeth, splines, etc., do not attempt to deposit 
too much metal in one run. It may be necessary to deposit several 
runs in order to build up to the desired depth, but it is easier to 
control the molten metal in small runs than it is in a heavy run, 
which, moreover, often leads to the deposition of more metal than 
is necessary. When several runs are deposited care must always 
be taken to see that each run is thoroughly fused with the previous 
one. Incidentally, with badly worn sBlines or shaft ends, it is 
sometimes possible to cut off the worn end and weld on a less worn 
similar part from a discarded shaft. 

Large surfaces may be covered by laying down a series of parallel 
beads, or runs, of weld metal; no attempt should be made to flow 
the weld metal over large areas, otherwise lack of bond between 
weld metal and base metal is sure to result. Beads should not be 
laid side by side, as shown at A, Fig. 30, but the centre of each bead 
after the first should be over the edge of the previous bead, as 
shown at B. In this way it is possible to secure a reasonably uniform 
surface which can be finished with the removal of the minimum of 
weld metal. This applies specially to the building-up of shafts and 
to the depositing of bronze on ferrous metals with the non-fusion 
technique. 
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Fig. 30. Building up large 

surfaces with weld metal. 

The beads should not be laid 

side by side as at A, but 

overlapped as shown at B. 


In building up worn portions of shafts, do not start at one place 
on the shaft and continue to deposit metal until the whole surface 
is covered. The usual method is to lay down beads of weld metal 
parallel to the axis of the shaft, that is, in line with the centre line. 
After laying down the first run, turn the shaft 180° and lay down 
the second bead on the opposite side to the first run. After com- 
pleting the second run, turn the shaft 90° and lay down the third 
bead between first and second; then lay down the fourth bead 
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opposite the third, and so on, as shown in Fig. 31, always placing 
each run opposite the previous one. In this way the heat is applied 
to the shaft uniformly and minimizes any tendency to distortion. 
When completed, the built-up portion should be reheated and 
smoothed by hammering and then allowed to cool down slowly 
and uniformly. 


4th run 
and continue sequence 


Fig. 31. Sequence for building up worn 
portions of shafts. Thus, heat is applied 
uniformly and distortion risks minimized. 


Castings 

No special procedure is tequired for building up worn or missing 
Parts of castings. Ordinary cast-iron welding rods or bronze rods 
may be used in conjunction with the welding techniques and general 
procedure previously described. When using cast-iron rods, the 
super, or high-silicon, type is generally preferable if the built-up 
surface is required to be soft and readily machinable. Bronze may 
be used where there is no tendency to abrasion and where a good 
bearing or non-rusting surface is desired. 

When preparing to build up a casting, the effects of expansion 
and contraction and the necessity for pre-heating should be reviewed 
just as carefully as they should be for repairing fractures. The 
heat application may create sufficient local expansion to stress or 
distort other parts of the casting ; moreover, the cooling shrinkage 
of the weld metal may cause distortion or cracking of the deposit. 
Even if there is little or no risk of distortion, pre-heating—especially 
on thick sections—will economize in welding gases and reduce the 
time needed for the operation. Cool slowly after welding. When 
building up worn holes or edges, broken lugs or flanges, it is useful 
to employ carbon or copper plates, rods or carbon paste for mould- 
ing the deposit metal, and thus reducing the amount of shaping 
subsequently required. 


Bronze Depositing 

As with bronze welding, efficient tinning is important before any 
attempt is made to build up to the full thickness required, and care 
must be taken to ensure that molten bronze does not run on to 
untinned surfaces. On steel, tinning proceeds ahead of the deposit 
more or less automatically, but on cast iron the welder must ensure 
that he actually tins the surface ahead of the bronze deposit. The 
flame should be slightly oxidizing. This ensures a better bond 
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between the bronze and the base metal, prevents ‘ fuming” of 
the zinc, and makes for better control of the molten metal. A 
bronze-welding flux is necessary in order to facilitate “ tinning.” 


Deposited metal Stud 


Sh Y=Y 


Zs 


Fig. 32. Method of reinforcing a 
bronze rebuilt tooth by ‘‘studding.”’ 


Bronze welding is often used for rebuilding worn, chipped or 
broken teeth of cast-iron gears. The bronze may be deposited on 
to the worn or broken surface, but if the surface is dirty it should 
be cleaned and ground. For rebuilding complete teeth, many 
welders prefer to reinforce the deposited metal by drilling and 
tapping the broken surface (after cleaning it) and inserting several 
studs, as shown in Fig. 32. The studs should neither be inserted 
on one centre line nor all to the same depth. The tops of the 
studs should be filed off to allow for the shape of the tooth and to 
ensure that the stud will be entirely covered when the deposited 
metal is dressed to shape. Any sharp corners should be rounded 
off. When depositing, care must be taken to avoid overheating 
the studs, otherwise the bronze will not adhere. However, studding 
is not essential, and, especially for small teeth, many welders rely 
entirely on the strength of the deposited metal alone. For smooth- 
ing and compressing the deposit—e.g., on shafts—bronze deposits 
may be hammer-forged while hot. 

Some typical rebuilds, using 34 per cent. nickel steel, are shafts, 
axles, cams, steel gear teeth, splines, ratchets, holes, etc. With 
wear-resisting steel: Chains, bucket edges, ditcher teeth, holes, 
hitch pins, cable rollers, shackles, combine shafts, etc. ; and with 
bronze : Pump shafts, cast-iron gear teeth, bearings, pump plungers, 
valve seats, ball-and roller-bearing seatings, etc. 


Hard Surfacing 


The chief characteristic of the deposit produced by hard-surfacing 
rods is extreme hardness (500-700 Brinell), and, therefore, resistance 
to severe abrasion, as previously mentioned. This type of surfac- 
ing metal should be used for protecting parts subjected to excessive 
wear rather than in the surfacing of worn parts. Owing-to their 
comparatively high cost, it is essential to apply hard-surfacing rods 
economically, otherwise the cost of application may outweigh the 
advantages gained. 

When the hard-facing of badly worn parts is contemplated, the worn 
surface should first be rebuilt within 1/16 in. to 3/32 in. of finished 
size (using either a wear-resisting or high-tensile type of welding 
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rod). The rebuilt surface is then hard-faced, thus economizing in 
expensive hard-facing metal. The excess acetylene flame surface- 
sweating technique (shown in Fig. 27) must be used for depositing 
in order to avoid diluting the hard-facing deposit with base metal, 
which would, of course, reduce its hardness. There is no need to 
use an excessive amount of acetylene in the flame, as this has no 
influence on the hardness of the deposit. The total length of the 
acetylene ‘feather’ should not exceed two to three times the 
length of the normal neutral cone. 

Hard-facing metals are best applied to edges, corners or points 
where wear is exceptionally heavy. Generally speaking, it is not 
advisable to attempt to cover large surfaces completely : if a large 
surface needs protection, this is most economically achieved by 
laying down independent beads of metal. Slow cooling is essential 
in order to avoid cracks and internal stresses. Small parts should 
be dropped into a box of lime, ashes or other heat-insulating material. 
Large parts should be protected from draughts—e.g., covered with 
sand or sacking Hard facings should not be quenched in order to 
increase their hardness. 

For most earth-working applications hard facings may be put 
into service ‘as deposited ”’—there is no need to grind them 
smooth or sharp. Whenever possible arrange the hard facing on 
a cutting edge, so that any wear that takes place has a self-sharpening 
effect: for example, assuming the edge shown in Fig. 33 to be 
moving through soil in the direction of the arrow, A indicates the 


Fig. 33. Effect of hard facing on one 
edge A only allows wear at B and thus 
keeps point C sharp. Applying a coat- 
ing as at D results in a rounded point. 


best position for the hard-facing deposit. It protects the under- 
lying softer metal but allows a certain amount of wear to take place 
at B, thus keeping the point C sharp. If the whole edge were 
coated, as at D, the point would gradually become rounded or bull- 
nosed, thus decreasing its sharpness and increasing the power 
required to operate the implement. 

Some good agricultural facing applications are: Steel plough- 
shares, cultivator points, subsoiler tines, coulters, tractor track 
lugs and other track parts, parts of mould boards, hammer-mill 
beaters, ditcher teeth, hoe and shovel edges, etc. 
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METHODS OF CLEANING PREPARATORY TO REPAIR 


Before undertaking any repair work it is essential that all dirt and grease should 
be removed. This series of photographs shows the more obvious method of cleaning 
that should be at hand in every well-equipped workshop. (Top left)—A high-pressure 
jet from the water hose. (Top right)—Compressed air for drying and removing dust 
and small particles of metal. (Bottom left)—Paraffin bath. (Bottom right)—Wire 
brush mounted on an electric drill. For larger workshops high-pressure cleaners, 
producing a spray of hot water, soap and steam, are also available. 
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Reclaiming Ploughshares 


The series of pictures (Fig. 34 on the opposite page) shows a 
successful method of re-tipping ploughshares by welding tablets 
cut from scrap spring steel to the share point. The complete 
procedure by which the new point is fabricated is as follows :-— 

1. Cut two tablets from scrap car springs. 

2. Weld smaller tablet to upper surface of share, offsetting to give 
land suction. 

Arc welding—Use non-machinable cast-iron electrodes, 10 gauge. 

Gas welding—Use mild-steel or cast-iron rods 


3. Heat to cherry red and forge to shape, giving slight twist to 
bring nose parallel to sole of share. Forge second tablet to shape. 


4. Weld larger tablet to sole of share to protrude some + in. 
to 3 in. beyond upper tablet. Use the same rods as for 2. 


5. Weld sides of tablets together. 

Arc welding.—Hard-surfacing electrode. 

Gas welding.—Wear-resisting, 3; per cent. nickel rod or high- 
carbon steel. i 

6. Re-heat nose thus formed to cherry red and leave to cool in 
air. Do not quench. Do not cover with ashes. 


The modern spring steel used for car springs, etc., is both self- 
and air-hardening. Left to cool in air from cherry red, a figure of 
560 Brinell hardness is attained, which is nearly three times harder 
than a chilled cast-iron share. 

Arc welding.—By using a hard-surfacing type of electrode, a 
figure of 600 Brinell can be attained on the nose. 

Gas welding.—Both wear-resisting and 34 per cent. nickel welding 
rods, if forged at cherry-red heat, will both forge and air-harden, 
and although not as hard as the electrodes noted above, still give 
a very good degree of wear resistance. 

The procedure described is designed to give the best welding 
sequence, bearing in mind that each worn share has to have its 
point individuaily set by the smith in the forge fire to allow for 
differences in wear and to repair the correct land and furrow-wall 
suction. 


° 
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Fig. 34. A successful method of re-tipping ploughshares with scrap spring steel. 
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PETROL ENGINES 


OR the benefit of those who are not familiar with internal 

combustion engines, it is necessary to say a few words on 
their principles and construction. Years ago tractors used to be 
steam-driven, and the fuel was consumed in a firebox to raise steam. 
When the steam had been compressed to the right amount, it was 
passed along a pipe into a cylinder, and the steam drove the piston 
towards the open end. The piston was attached to a rod which 
pushed on to a cranked shaft, and on the ends of the shaft were the 
road wheels. All this is, of course, elementary, but the petrol, 
vaporizing oil and Diesel engines are simply a development of this 
method of obtaining power. 

To begin with, the fuel used in petrol engines is a refined form 
of mineral oil, and it was chosen partly because huge supplies were 
obtainable at a comparatively low cost, and partly because the type 
of engine which used it was less cumbersome and far less bother to 
operate. But instead of using the fuel to produce steam, the liquid 
was itself made to produce power direct, simply because when 
petroleum burns it produces hot gases which expand with con- 
siderable force and which to some extent may be compared with 
steam. 

Thus the fuel was consumed inside the actual cylinder, hence the 
name ‘internal combustion” engine. Although such engines are 
fitted with pistons, connecting-rods and crankshafts just as in a 
steam engine, the problem of getting the petrol into the cylinders 
had to be overcome. Liquid fuel was completely unsuccessful 
(remember we are talking about petrol engines) until it was split 
up into a very fine mist and then thoroughly mixed with the air 
in the cylinder. This necessitated a mixing and spraying apparatus 
which we know as the carburetter, and which has been described 
in full elsewhere. It was easy to get the spray into the cylinder, 
but less easy to get the burned gases out of it when they had done 
their work, and because of this, the “ four-stroke”? engine was 
produced. In this engine a downward stroke of the piston sucks 
in the mixture of air and petrol. The upward stroke then com- 
presses it—for only by doing this can adequate power be produced 
by the burning of the fuel. The next downstroke of the piston 
resulted from the burning of the fuel, and the last of the four strokes 
utilizes the upward movement of the piston to expel the spent gases. 

Thus the internal combustion engine necessitated several new 
departures from the methods used in steam engines. The fuel 
had to be ignited just at the right time, for if too early the piston 
would be forced down before it had achieved full compression, 
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and would consequently run backwards for a second or two. If 
the fuel was ignited too late, then the best part of its power would 
be lost, so some form of apparatus had to be designed that would 
set the fuel burning exactly at the right moment. It was thus 
that the magneto was made. 

To enable the fuel mixture to enter the cylinder and the spent 
gases to leave it, valves are needed, and these not only have to open 
and shut at exactly the right time, but they must be made of material 
that will stand up to the heat of combustion. It was because of 
all these things that the evolution of the modern tractor engine 
took such a long time to reach its present standard of efficiency. . 

Other internal combustion engines were made to give a firing 
stroke every time the piston reaches the top of its stroke, hence the 
“two-stroke.” In this engine there have to be the same four 
stages as in the four-stroke—induction, compression, combustion 
and exhaustion, but they are so arranged that the fuel passes not 
into the cylinder, but into the crankcase. As the piston descends 
(of course on its power stroke) the underside of the piston pushes the 
mixture up through a channel, or “ port,” which leads to the 
cylinder itself. Thus on that one movement of the piston we have 
the power stroke and the flowing-in of the new mixture, which, 
incidentally, pushes out the spent gases. This type of two-stroke 
engine (for there are others) has a deflector on the piston top which 
‘guides the new mixture to the top of the cylinder, thus getting 
round the back of the exhaust gases and so making for better 
“« scavenging,” as it is called. 

It should not be imagined that the modern internal combustion 
engine developed exactly along the lines stated, for although an 
engine of this type had to have all the components mentioned, they 
were exceptionally crude. They were, moreover, made to operate 
on the only grade of petrol then made, and this was considerably 
less effective for the purpose than the fuels of to-day. 

Great strides have been made in metallurgy, so that the modern 
tractor engine develops much more power for its weight than any 
of the older machines; it is far more reliable, and has a much 
longer life. Methods of construction, too, have altered so that 
(at any rate in normal times) it is possible to obtain a replacement 
Part that really fits. 

So the present internal combustion engine, although basically 
the same in principle as that of 50 years ago, is enormously improved. 
Cylinder heads, for example, are practically all detachable, making 
for easy servicing, and within limits a choice of compression ratios. 

When a piston is at the bottom of the cylinder, the cylinder has 
a certain capacity, which is usually measured in cubic centimetres, 
but sometimes in cubic inches. As we have seen, this cylinder is 
filled with the air/petrol mixture, which, when the piston rises, is 
compressed. The degree of compression, which is commonly 
referred to as the compression ratio, plays a most important part 
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in the efficiency of the engine, and it must be understood that the 
compression ratio is by no means the same in all engines. Up to 
a certain point, the higher the compression ratio the more power 
one obtains from a given charge of mixture, but not all fuels will 
stand high compression. It is the compression ratio which deter- 
mines the rate at which the fuel burns, and normally this should 
be (for petrol) approximately 250 ft. per second. Now, if the com- 
pression is raised, the rate of burning increases too, and there may 
come a time when the mixture burns so rapidly that it almost 
explodes. Such a state of affairs is like hammering on the top of a 
piston, whereas the real aim is to push it down gradually. Thus 
too high a burning rate results in detonation, which may punch a 
hole clean through a piston. 

Paraffin engines need a lower compression rate than those running 
on petrol. 


The Parts of an Internal Combustion Engine 


Cylinders.—An iron casting comprising a block of cylinders open 
at both ends. The lower part of the casting is machined to house 
the upper halves of the crankshaft bearings. 

The casting includes a water jacket for cooling. 

Cylinders are machined from cast iron or they may have 
steel liners inserted, these being renewable. The internal diameter 
of a cylinder is called the bore, and the distance the piston moves up 
and down is called the stroke. 

Cylinder Head.—Cast iron or aluminium casting forming a cover 
to the cylinders. The head is bolted to the cylinder block, a copper 
and asbestos joint forming a seal. Cylinder heads also have a 
water jacket, the openings of which coincide with those in the top 
face of the cylinder block to ensure circulation. 

The head contains valves, and holes for sparking plugs are often 
placed in the head. 

Pistons.—Hollow castings of iron or aluminium alloy. The piston 
is a sliding fit in the cylinder, but rings of cast iron are fitted to make 
a gas- and oil-tight seal. The rings fit into narrow grooves machined 
round the outside of the piston. Rings are split and opened slightly 
to give requisite contact with cylinder wall. The number of rings 
fitted varies, but there are usually three per piston. A hollow pin 
is mounted inside the piston and secured in position. This pin is 
a pivot for the connecting-rod ‘ small-end,” and is known as a 
“ gudgeon-pin.” 

Connecting-rod.—As its name suggests, it connects—in this case 
the piston with the crankshaft. The bearing at the lower (and 
larger) end of the connecting-rod is called the ‘ big-end ” bearing. 
The actual bearing surface is generally of a white-metal alloy, and 
is made in two halves. 

Crankcase and bearings.—The cylinders are cast in one with the 
upper half of the crankcase which carries bearings for the crankshaft 
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and flywheel. As with big-ends, the crankshaft bearings are made 
in two halves. That part of the crankshaft which fits inside a bearing, 
whether big-end or main, is called the journal. 

Crankshaft.—This needs no explanation other than an illustration 
(see Fig. 35). 


THE FOUR-STROKE CYCLE 
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Fig. 35 
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Valves.—These are usually of a mushroom shape, comprising a 
head andastem. The valve stem slides up and down a guide and is 
raised from its seating by a rocker arm operated by a push-rod, 
which is in turn moved by acam onacamshaft. Interposed between 
the cam and the push-rod is a tappet. When the valves are in the 
cylinder block (i.e., side valves) the tappets are adjustable, but on 
overhead-valve engines adjustment is at the upper end of the push- 
rod. 

Camshaft.—A shaft fitted with shaped projections called cams. 
It is revolved through gearing at half the crankshaft speed. 

Governor.—A device which limits the maximum r.p.m. of an 
engine. Governors are operated by centrifugal force, and consist 
of weights, which move outwards from their axis and close the 


engine throttle. 
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A type of engine that is becoming more and more popular for 
“\ commercial-vehicle and tractor use is that commonly known as 
the Diesel, although a more descriptive name is ‘‘ compression 
ignition.” In a petrol or paraffin engine a mixture of fuel and air 
is compressed in the cylinders and ignited by an externally-produced 
spark. A compression-ignition engine, on the other hand, com- 
presses a charge of air only, the fuel being injected at a still higher 
pressure when the piston is at or near the top of the compression 
stroke. No separate ignition system is needed because air which 
is compressed rapidly becomes hot—sufficiently hot to ignite the 
fuel injected into it. 


Right. A Marshall 2-stroke 
Diesel which relies upon 
crankcase compression. 


Left. A 2-stroke Diesel as used on the 
Allis-Chalmers H.D. 14 tractor showing 
the piston which acts as an inlet valve 
to uncover ports in the cylinder walls. 


Fig. 36. 


Compression-ignition engines possess several . advantages over 
petrol and paraffin engines, for not only are they more economical 
of fuel, but they are slower running for the power they develop. 
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There is accordingly less wear and longer life. The chief disadvant- 
age of the Diesel is that it is more costly to buy. 

When it is realized that the speed and power is regulated by the 
quantity of oil used at each injection, and that a cylinder of 4 ins. 
or so in diameter requires a spot of oil half the size of a grain of 
rice (and this at the maximum revolutions a minute), it is clear 
that the metering device, or fuel pump, must be a precision instru- 
ment made to fine limits. 


Compression Ratios 


Diesel engines are made for two-stroke and four-stroke cycles, 
the latter being the more commonly employed, although the popular 
Field Marshall tractor is a two-stroke. As both the two- and four- 
streke petrol engines have been described in detail, there is no 
need to repeat the principles here, except to say that crankcase 
compression is not always used in a Diesel engine, the air entering 
the cylinder through a port directly connected to the atmosphere. 
One other point of difference is that there is much less clearance 
between the piston top and cylinder head in a Diesel engine, because 
the compression ratio is much higher, ranging from 12 to 1 to 
16 to 1, or even more, giving a pressure of something like 500 to 
600 Ib. per sq. in. and an air temperature of 1,000° F, With such a 
high compression ratio it will be seen that the fuel injector must be 
able to force the fuel through at even greater pressures, this rising 
to as much as 6,000 Ib. per sq. in. on some engines, but seldom less 
than 1,000. The Marshall injector operates at 2,000 Ib. 


Fuel Injectors 


The fuel is injected through a small hole which splits up the oil into 
finely-divided particles, which are so necessary to complete com- 
bustion. It must be realized that the setting of a fuel pump is a 
job which needs expert knowledge, so that the farm mechanic 
should never interfere with the pump, because irreparable damage 
may result. Fuel pumps not only measure the fuel and inject it, 
but they provide for some variation in the time the injection takes 
place, this corresponding to the advance and retard mechanism that 
is fitted on most magnetos. Automatic timing of the injection is 
sometimes used, although not often on road vehicles. 

In view of the complicated nature of Diesel fuel pumps, it is not 
proposed to give a description of the pump itself, but to pass on to 
the nozzle, or injector, for this can be serviced by the mechanic so 
long as care is used. 

As stated above, the function of the injector nozzle is to divide 
the oil droplet into a fine spray. The C.A.V. injector comprises 
a strong metal body which is screwed into the cylinder head in the 
same way as a sparking plug. The nozzle hole is normally closed by 
a conical plunger valve, which is held on to its seat by a spring. 
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When the oil pressure from the pump reaches the desired amount 
—and, of course, this is arranged to coincide with the firing moment 
—the valve is raised and the oil forced through the nozzle into the 
engine cylinder. 

Fig. 37 shows a C.A.V. injec- 
tor in section. It will be seen 
that there is a leak-off tube pro- 
vided. This is so that any excess 
of oil which leaks back past the 
plunger can pass back to the pump 
suction chamber or to a drain tank. 
The particular injector shown here 
has a feeling pin so that the opera- 
tor can tell if the plunger is 
working when the engine is run- 
ning. Various types of nozzle ends 
are used, but the farm mechanic 
need not concern himself with 
these, as the most suitable one is 
already in the injector when the 
tractor is delivered. 


Fig. 37. Section of C.A.V. Injector. 


Servicing Diesel Injectors 


With regard to servicing, this should be confined to keeping the 
nozzle and the plunger free of carbon, and no interference with the 
plunger spring or its adjusting screw Is advised. Before giving 
details on injector maintenance, it is necessary to say that absolute 
cleanliness is essential when handling them, for the smallest piece of 
dirt will render the work useless. The part of the bench used for 
the work should be quite clean and for preference have a metal top. 
The mechanic’s hands should be clean, and, because contact with 
fuel oil has in some instances caused skin trouble, some such prepara- 
tion as “ Rozalex ” should be well rubbed into the hands. 

Although there are many different designs of injector, we deal 
here only with those fitted to the Caterpillar, Marshall and Fowler 
tractors as coming most commonly within the routine of the farm 
mechanic. 


Caterpillar 


Before removing an injector or the pump from_an engine that is 
operating irregularly, a simple check may be made to determine 
which cylinder is not firing properly. With the engine running at 
a speed that makes the irregularity most pronounced, momentarily 
loosen the fuel-line nut just above the fuel pump sufficiently to 
“cut-out” the cylinder. Check each cylinder in the same manner. 
The object of loosening the nut is to provide an escape for the fuel 
before it can reach the injector, so if one is found where the loosening 
of the nut makes no difference on the operation of the engine, that 


rd 
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injector is probably at fault, although it may be that that part of 
the pump supplying it is also faulty. A bad injector will cause 
irregular running and possibly smoking, whereas hard starting and 
irregular operation is probably due to the pump. 

Clean all dirt and grit from round the injector before removal, 
then disconnect the fuel injection pipe and the fuel drain pipe and 
remove the holding-down nut that keeps the valve in place. Turn 
the injector upside down or to a horizontal position and connect 
up the fuel pipe again. This is so that the quality of the spray 
emitted may be seen clearly. Next loosen the fuel line to each of 
the other injectors to prevent their operation. Start the starting 
engine, and with the Diesel engine compression release lever in the 
start position, engage the starter pinion and clutch. If the starting 
engine is operated slightly above its low idle speed, the Diesel engine 
will be turned sufficiently fast to insure an accurate check on the 
spray characteristics of the injector. With the starting engine 
cranking the Diesel, open the Diesel throttle wide and notice the 
fuel spray that comes from the injector. If the spray is fine and 
even and in the form of a mist, then the injector is in good condition. 

The fuel-discharge hole in the nozzle end will not clog completely 
with carbon accumulations, but may under some conditions collect 
a small amount on the inner diameter of the fuel-discharge opening. 
If a slightly greater amount of carbon forms on one side of the open- 
ing than on the other, the spray will have a tendency to shoot to 
one side. Often the cleaning of the nozzle hole is all that is necessary 
to make the injector operate as it should, but it should be replaced 
if, after cleaning, it shows the following spray characteristics :— 

1. Fuel discharged in a solid stream or jet. 

2. Fuel spray emitted on one side of the nozzle. 

A valve should not be rejected, however, unless it fails to spray 
properly when the starting engine is operated at full governed 
speed, for this speed is only about half the slowest speed at which 
the Diesel is required to run. 

When replacing injection valves, the holding-down nut should be 
drawn down only tight enough to prevent leaks between the injector 
and its seat. 


Marshall 


To test the working of the nozzle, remove the fuel pipe and take 
out the nozzle, reconnecting it so that the nozzle points outwards 
to the atmosphere. Turn the engine over with the starting handle, 
with the fuel control lever in the full-speed position. The nozzle 
should then sharply discharge a fine spray in the form of a cone and 
without the presence of any solid drops of fuel whatever. No drops 
should form to any extent on the nozzle end. _If carbon is present, 
soften It by wetting it with clean paraffin or fuel oil and then clean 
away the deposit. Under no circumstances allow the hand to 
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come into contact with the spray in close proximity to the nozzle 
as the pressure will cause the oil to penetrate the skin. 


Fowler FD3 


As with most fuel-pump equipment, the adjustment on the 
injector system of the Fowler FD 3 is work for specialists, and should 
not be attempted by ordinary users. If the fuel pump is changed 
for any reason, it will be necessary to check the timing on the 
assembly according to the detailed instructions in the handbook. 
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TRACTOR FUELS 


NE of the most essential requirements of a tractor is 

a power unit which burns a cheap fuel without trouble 
and at the same time provides ample power at low speeds. The 
liquid fuels in use to-day in the United Kingdom are motor spirit 
(referred to as gasoline on some makes of tractors, and commonly 
called petrol), vaporizing oil (which is kerosene distillate, and 
commonly known as paraffin), and Diesel, or gas, oil. Of these 
vaporizing oil is by far the most popular,’and is used by about 90 
per cent. of the tractors in the field to-day. 

The difference in taxation on these fuels (motor: spirit 9d. per 
gallon, vaporizing oil 1d. per gallon) has discouraged the development 
of the petrol engine for tractors, although this fuel undoubtedly 
has many advantages. It is better for cold starting ; it has a higher 
thermal efficiency, which means that actually it contains more 
power; the consumption in terms of gallonage is lower; less 
lubricating oil is needed than in an engine running on vaporizing 
oil ; and, lastly, petrol gives a better drawbar pull. 

The heavy tax is not the only factor which prevents farmers using 
petrol-driven tractors, for the regulations governing the store of 
highly-inflammable motor spirit are somewhat exacting, and bulk 
storage must be in underground containers. Yet even if the tax 
were removed or considerably reduced, there would still remain 
the difficulty of converting vaporizing oil tractors to burn petrol. 
This cannot be done readily, one reason being that vaporizing oil 
mixture cannot be compressed in engine cylinders beyond a certain 
pressure without risk of detonation, and this compression ratio is 
much lower than that used in petrol engines. Thus to convert to 
petrol might well mean the fitting of new pistons or a new cylinder 
head, and possibly both, while in the case of the Fordson tractor 
a new carburetter and a new manifold would also be needed. Nor 
must it be overlooked that the modern vaporizing-oil tractor 
invariably has the fuel tank set directly over the engine, so that 
some of the heat is used to warm up the fuel. Such a procedure 
might be dangerous with petrol, and in any case the loss of fuel by 
evaporation would be considerable. 

A further point is that we shall not always be confined to using 
petrol with a low octane value, and with the return of leaded fuels 
trouble would certainly be experienced, for although leaded fuel 
is perfectly satisfactory for cars, it is not for tractor and for many 
commercial vehicle engines. 

The effect of seasonal use must also receive some consideration 
with leaded fuels. For instance, the engine used to drive and 
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operate the combine harvester might not be used for some 40 
or more weeks, and unless proper precautions are taken by the 
operator, a deposit will form inside the cylinders and result in 
cold corrosion and harm cylinders and valves. 

Vaporizing oil possesses the necessary characteristics for internal- 
combustion engine use, but it has to be converted into a vapour 
before it reaches the cylinders. In the early ‘twenties, burning oil 
or paraffin was in general use as a tractor fuel. It has a low octane 
value (less than 20 as compared with the 50 of a vaporizing oil of 
to-day), and the use of vaporizing oil enabled engine designers to 
raise the compression ratio slightly. _ If paraffin were used in present- 
day engines it would probably detonate. 
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IX 


CARBURATION 


Lk correct operation of any internal combustion engine 
depends toa great extent upon the quantity and the quality 
of the fuel it receives. The term ‘ quality’ does not here refer 
to the superiority or inferiority of the fuel but to the proportion of 
fuel to air. 

A petrol engine requires a mixture of fuel and air in the proportion 
of 15 parts of air to one part of petrol—in both cases by weight and 
not by volume. It is the function of the carburetter to produce 
this mixture, and at the same time to make sure that both air and 
fuel are thoroughly mixed. 

One of the troubles encountered by the designer of a carburetter 
is that air being a gas and petrol being a liquid, they do not behave 
in the same way. It is, for instance, a comparatively simple matter 
to design a carburetter that will give the correct mixture when the 
engine is running at, say, 500 revolutions a minute. It is equally 
simple to design a carburetter that will provide the correct propor- 
tions for an engine running at 2,000 revolutions a minute. The 
difficulty comes in producing one which will suit an engine when it 
is running at higher speeds or at any intermediate, faster, or slower 
speed. 

For this reason the modern carburetter has more than one jet, 
and is really several carburetters in one. Thus carburetter adjust- 
ment is more complex than is generally appreciated, and it is futile 
to open up this jet and close that one without realizing what the 
result will be. It is true that often the effect of opening a jet is 
not immediately apparent, but it will later be revealed by the 
increased fuel consumption, increased formation of carbon, and 
eventual loss of power. On the other hand, closing a jet—cutting 
down the amount of fuel—again upsets the proportion of air to 
fuel, and may lead to overheating and the burning of the valves. 


Mixture Adjustment 


It will perhaps be useful to know how this happens, so we will 
first take the case of too rich a mixture. If the proportion of fuel 
is too high, the mixture takes longer to burn because of the lack of 
oxygen. But the time allowed for burning is so short that the 
exhaust valve opens before it is completed, thus unburned fuel is 
expelled without doing any work. Moreover, owing to incomplete 
combustion, the fuel (which contains carbon) forms a sooty deposit 
inside the cylinder, on the sparking plug and round the valves, 
so that before long these all become heavily coated. Carbon, if not 
properly burned, will sometimes become incandescent and so will 
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provide an ignition system of its ownsothat switching off the magneto 
does not stop the engine. 

The effect of a weak mixture is very different, for with an excess of 
oxygen we get too much heat and the valves will burn. Ordinarily 
we have no means on the farm of determining the proportion of air 
to fuel, and we must therefore rely upon the carburetter maker's 
recommendations as to the correct amount to open each jet. It 
sometimes happens, however, that the carburetter has been dis- 
mantled by someone who Fo FUEL TANK 
has not observed the posi- 
tion of the needles. 

The accompanying dia- 
grams, showing the internal 
operation of a carburetter, D- B eee mere et 
will be useful in making 
the correct adjustment. It 
is first necessary to consider 
the general arrangement of 
a simple carburetter. 

In Fig. 38 is shown a Fig. 38. Drawing shows a pivoted type 


carburetter which has no of carburetter float and explains how the 
adjustments It consists of float maintains the right level of fuel ins 

eee ini the jet itself as well as in the float 
a small reservoir containing chamber. The air vent must be kept free 


a float and the necessary from blockage. 
mechanism for maintaining J , : 
the fuel level at the right height. This level is just a fraction of 
an inch below the top of the jet. The jet itself is a measuring or 


metering device for the fuel, and it allows no more than a certain 
quantity to pass through it. 


The fuel will not emerge 
from the jet by itself, and 


® t— so the jet is placed ina tube 


@® connected at one end via 


6) t the engine manifold to the 
cylinders, and at the other 
end through an air filter to 


AIRVENT 


FLOAT CHAMBER, 


the open air. When a piston 
descends on its suction 
stroke, the pressure of air 
in the manifold is reduced 
so that atmospheric pressure 
; 2 being greater, air ‘is forced 
Fig. 39. When the,throttle butterfly ts ‘shut past the jet and into the 
down the air will rush across the opening engine. The insertion of @ 


to the slow running jet and a_ fuel/air a 
mixture pass into the engine manifold. choke tube increases the 


depression over the jet and 
causes petrol to emerge and be carried with the air stream in 
the form of a fine mist. The butterfly valve, or throttle, controls 
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the amount of air (and consequently fuel) which passes into the 
induction pipe. 

Such a carburetter would be unsatisfactory for general use because 
when the throttle is nearly closed the air stream would not pass 
over the jet and no fuel would emerge. To overcome this difficulty, 
a slow-running jet is fitted, the outlet from it being placed as in 
Fig. 39. It will be seen here that when the throttle butterfly is shut 
down, the air will rush across the opening of the slow-running jet as 
shown by the arrows, and a fuel/air mixture pass into the engine. 

It is, however, necessary to provide a mixture which varies in 
strength according to the requirements of the engine and the 
conditions under which it is running. With the simple main jet 
shown in the drawing, it will be appreciated that the greater the 
air rush over the main jet the bigger the quantity of fuel, and this 
means that the mixture gets richer and richer. To prevent this a 
diffuser is fitted, the principle of which is shown in Fig. 40. 

The main jet is placed at the 

bottom of a small well, or 

ToaR@® reservoir, and in the reservoir 
is a tube in which there are 

several rows of holes. As the 

engine speed is increased, it 

takes petrol from the well, 

and the level in the well sinks 

— TO FLOAT CHAMBER Until the first row of holes is 
uncovered. When this hap- 

Fig. 40. Airis drawn into this reservoiras | PENS air is drawn in through 

the level falls below the holes marked “‘A."’ the tube shown on the right, 

thus weakening the mixture, 
but when the throttle is closed a little the fuel level in the well 
rises and closes some of the holes, thus enriching the mixture again. 
This principle is now used on all modern carburetters. 

Fig. 41 is a sectional diagram of the carburetter fitted to the 
Farmall H. The numbers and letters have been repeated in Figs. 39 
and 40, so that the reader can follow the various stages of 
development. 

(1) Choke tube, or venturi. 

(2) Main fuel jet. 

(3) Main jet discharge nozzle. 

(4) Main jet air bleed. 

(5) Slow-running, or idling, jet. 

(6) Slow-running adjustment needle. 

(7) Main jet adjuster. 

(8) Idling slot. 

(A) Holes in diffuser. 

(B) Accelerating well. 

The main jet size is such that at full load the correct proportion 
of fuel to air is obtained, and the main jet adjustment reduces this 
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MAIN JET 
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amount to that required for economical operation for certain 
conditions of use. 

Two adjustments are provided, these being the slow-running 
needle and the main jet, and it should be appreciated by now that 
any faulty adjustment will either give too rich a mixture and so 
waste fuel, or too lean a mixture and result in bad running. Because 
all engines are not alike in their fuel requirements, it is not possible 
to say that if each of the adjusting screws is opened so many turns 
that setting will be right in every case, so the reader should consult 
the tractor manufacturer’s instruction book where possible. If 
no such book is available, just remember that the main jet, when 
fully open, is designed for a full working load, so something less 
than, but near to, that point should be sufficient to get the engine 
warmed up, when a finer adjustment can be made. The same 
principle applies to the slow-running jet. 


Fig. 41. SECTIONAL DIAGRAM OF CARBURETTER. 
1. Venturi or choke tube. 2. Main fuel jet. 3. Discharge 
nozzle. 4. Main jet air bleed. 5. Slow running jet. 6. Slow 
running adjustment needle. 7. Main jet adjuster. 8. Slow 
running slot. A. Holes in diffuser. B. Accelerating well. 


Many carburetters, particularly those on cars and on many station- 
ary engines, have but one adjustment—that of the slow-running 
jet—and even this is confined not to any alteration of the jet size 
but to the amount of air drawn in. Any alteration needed to the 
main jet is, in these carburetters, a matter of fitting another jet 
or another choke tube. A slightly smaller tube enriches the 
mixture, and a larger one weakens it. 

p* 
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VAP ORIZERS 


Looe! which are equipped for running on vaporizing oil 
have a device fitted which is called a vaporizer to convert 
the heavier liquid fuel into gaseous form. Vaporizers will not, 
however, atomize the cold fuel just as will a carburetter, so that 
such engines use petrol—and a carburetter—for starting, the 
change-over taking place as soon as the engine is hot enough to run 
on vaporizing oil. This process takes from 10 to 15 mins. in most 
engines. 

Generally speaking, the best way to vaporize a heavy fuel is to 
heat it, and a common method of doing this is to create a hot spot 
in the inlet manifold by diverting some of the exhaust gases on to it. 
On the Fordson tractor, for example, a large vaporizing plate is 
bolted to the hot exhaust manifold, the plate having sundry channels 
through which the mixture passes. The oil comes from the tank into 
a regulator valve, and thence into a float chamber, in which the fuel 
level is maintained in much the same manner as in a carburetter. 
It then goes through an adjustable needle valve to a small jet behind 
the float chamber, and here it is met by a stream of air coming from 
a by-pass from the air pipe. The mixture of air and fuel is then 
sucked into the passage in the hot vaporizing plate described above. 
As this plate is hot, the mixture is vaporized, and passes into a 
chamber in which it encounters a further supply of air coming from 
the air cleaner. It is essential that the proportion of air and fuel 
is correctly proportioned, so a control needle and a priming valve 
are fitted, the latter being controlled from the dash. The vaporizer 
plate and float chamber are illustrated in Fig. 42. Too rich a mixture 
increases the carbon formation in the cylinders and results in over- 
heating. In addition to this, the fuel consumption is heavy, and the 
engine will misfire at low speeds. Too weak a mixture will cause 
backfiring in the vaporizer. 

A rich mixture is, however, required for easy starting, and the 
dash control restricts the flow of air, so causing the engine to obtain 
a larger proportion of fuel. Incidentally, the choke control should 
not be pulled out when the engine is warm, or too rich a mixture 
will result. 

Adjacent to the choke lever is a spring-loaded, vacuum-operated 
diaphragm, which allows an extra supply of air when the tractor 
is pulling light loads. As the throttle is opened from its closed 
position, the depression in the manifold draws the spring-loaded 
valve in the economizer off its seat, permitting an extra supply of air 
to reach the vaporizer fuel. But when the throttle is opened still 
more—according to the power required from the engine—the 
manifold depression is reduced until it is not enough to raise the 
valve from its seat,.so that the air supply is cut off. No adjustment 
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is necessary on this device, which is fully automatic and set by the 
manufacturer. 

The external adjusting needle controls the admission of fuel to 
the main jet, thus providing the operator with means of suiting the 
fuel supply to the load. The best setting is approximately 24 turns 
open, but on light loads it may be found advantageous to screw 
the needle in a little. 


Fig. 42. Float chamber and vaporizing plate on Fordson. 


Cleaning the vaporizer plate is a task that must be done when 
carbon accumulates on it. Disconnect the fuel feed pipe, the 
manifold shield panel and the four manifold cover studs, when the 
vaporizer plate can be taken off. A wire brush will soon remove 
the carbon. 

The increase of power and high thermal efficiency of gas oil may 
lead to rapid development in the future of the Diesel engine. Diesel 
oil used in tractor engines is tax free, and the success of machines 
fitted with this form of power-has aready been proved for farm work. 

Gas oil of good quality should possess certain features that will 
enable the engine to run smoothly without Diesel ‘‘ knock,” start 
easier and develop its maximum rated horse-power with a clear 
exhaust. The pressure-ignition engine is entirely dependent upon 
satisfactory injection and compression. 

Allowing for some of the difficulties of starting in cold weather, 
this form of power has distinct advantages. 
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LUBRICATION 


[PRENeaTION plays such an important part in the efficiency of 
a tractor—and, indeed, of any piece of machinery—that it is 
as well to understand something about oils and the work they do. 
Their chief function is to reduce friction, for no matter how smooth 
a piece of metal may be finished, it always has some degree of rough- 
ness, and if a highly polished piece of metal is placed under a micro- 
scope, it is seen that the ‘‘smooth”’ surface is actually jagged. 
When two such surfaces are pressed together and dragged in opposite 
directions the minute ‘‘ teeth” or jagged portions interlock ; the 
resistance offered by this interlocking is called friction. Although 
friction is very useful for many purposes, it is not wanted in an 
engine, because it creates heat and causes wear. It may be argued 
that if such surfaces continually rub together they are eventually 
bound to be so smooth that there will be no friction, but should 
ever this happen, the air pressure on them would be so great that 
they simply would not slide at all. 

The degree of heat caused by two rubbing surfaces is proportional 
to the pressure between them and also dependent upon the speed 
of rubbing. If these are carried to excess, the metals will become 
so hot that either or both will seize solid. Not all metals offer the 
same resistance to rubbing. Besides having a low degree of friction 
a modern bearing metal actually acts as a safety valve, for it will 
melt and run out long before the crankshaft or connecting-rod gets 
hot enough to seize and snap. 

To reduce the friction still further a substance called a lubricant 
is used, this being a liquid or a semi-solid material interposed between 
the metals and preventing them from actually touching. There 
are a good many substances which can be—and are—used as lubri- 
cants. For instance, when cutting rubber with a knife, the worker 
knows that if the blade is made wet it will cut much more easily 
because the water reduces the friction between the rubber and the 
knife. 

Engine Lubrication 

In a tractor engine the revolving parts not only rub together at 
a high speed, but they are also subjected to considerable heat and 
pressure, so that the type of lubricant used must be capable of 
withstanding many things. Nothing better than oil or grease has 
as yet been found to reduce the friction between metals, but not all 
oils will stand up to the work, and as far as the inside of an engine 
is concerned, a grease is useless. 

The initial qualities demanded of an engine oil are that it shall be 
able to resist pressure, resist heat and stay in the bearing. There are 
many kinds of oil, but those used in internal combustion engines are 
almost entirely of mineral origin. They are not the “ oiliest ”’ of 
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oils, but they are stable under working conditions, and they possess 
the three qualities mentioned above. Vegetable oils are quite 
unsatisfactory, and the only one which can be used with any degree 
of safety is castor oil, which is very expensive and needs blending 
with other substances. 


Causes of Oil Dilution 

The majority of tractor engines start up on petrol and change 
over to vaporizing oil as soon as the engine is sufficiently hot to 
vaporize the heavier fuel. When any fuel strikes a cool cylinder wall 
it condenses and runs down the walls, carrying with it the oil with 
which the piston is lubricated, thus causing high cylinder and piston- 
ring wear right from the start. By using a free-flowing oil a great 
deal of this initial wear is prevented. The oil must, moreover, be 
non-gumming even at freezing temperatures, for more often than 
not tractors are left in the field over-night or at the most put into 
a draughty and unheated shed. A thick or gummy oil makes hand- 
‘starting more difficult, and if a self-starter is fitted, the strain on 
the battery may buckle the plates and ruin them. 

Tractor engines should be operated at high temperatures— 
almost at boiling point, in fact—so it is obvious that the oils selected 
must be able to withstand this high temperature and maintain a 
constant film of lubricant on all the bearing surfaces. Tractor 
engines, however, are not always running under load, for when a 
change of implements or an adjustment has to be made, the engine 
is shut down to idling speed and consequently cools down somewhat. 
This results in fuel droplets forming on the cylinder walls and, 
particularly in an old engine, getting past the pistons and into the 
crankcase, thus diluting the oil in the sump. Now excessive crank- 
case dilution makes the oil thin—reduces its viscosity—and it may 
happen that there is not sufficient reserve of film strength to maintain 
the bearing in a properly lubricated condition. 


Oxidation 

Another trouble encountered is the action of oxygen on very 
hot oil. The oil in a crankcase is constantly being churned up so 
that the oxygen in the air is being “ kneaded ” into it. This action, 
added to the effect of metal particles, dirt and carbon, results in 
decomposition of the oil which forms a thick mass known as sludge. 

As a result of experiments, good quality oils are now treated 
with chemicals which counteract the effects detailed above. For 
instance, the addition of a soluble tin compound considerably 
retards oxidation, and the addition of a chromium compound 
minimizes the corrosion of the cylinder walls that is caused by the 
products of combustion. Even so, an oil can resist only a certain 
amount of fuel dilution, oxidation and contamination by solid 
particles, so it is imperative that it be renewed at the intervals 
stated by the manufacturer of the tractor. 

Then, too, some tractors need a different oil in the winter from 
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that in the summer. This is because dilution is not so serious in the 
summer, although, on the other hand, when an engine is running at 
full power there is a greater risk of the oil thinning because the 
surfaces with which it comes into contact are hotter. If, therefore, 
the manufacturer of a tractor recommends a different oil for winter 
use, he does so with very good reason, and the operator should 
follow his advice. 

So far we have been talking about vaporizing oil engines, but 
although the petrol engine suffers less from condensation and there 
is, therefore, less crankcase dilution, other factors must be con- 
sidered. For instance, a petrol engine has a higher compression 
ratio than the vaporizing oil engine, and this means a more powerful 
“‘explosion ” and an additional strain upon the bearings. More- 
over, petrol engines usually operate at higher speeds, so that taking 
everything into consideration, the oxidation tendencies are just as 
severe, and the same advice is therefore given—use the best-quality 
oils and keep to the instructions of the tractor maker as regards 
changing. 

Transmission Lubrication 

With regard to transmission, this presents a slightly different 
problem. Tractors have to pull heavy loads, and can do so only 
through gearing. This means that there must be a considerable 
reduction of speed between the engine and the rear axle, and this is 
accomplished by a single worm reduction or by double-reduction 
spur and bevel gears. Some manufacturers, too, use a single |ubrica- 
tion system for the transmission and the final drive, whilst others 


Fig. 43. TYPICAL TRANSMISSION SYSTEMS. 
(a) Single worm reduction gear. (b) Double reduction spur gear. 
(c) Bevel gears. It is essential that a transmission lubricant be fortified 
so that it is not squeezed out from between these working surfaces. 


separate them and recommend different lubricants. Thus it is 
not possible to make an oil that is capable of satisfying every require- 
ment, hence different oils are offered for different parts of a tractor. 

There is, however, one feature common to all transmissions and 
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final drives, and that is that they are all toothed gearing systems. 
When the teeth of two gears engage there is a certain amount of 
sliding contact between them, and their surfaces are under high 
pressure. The actual contact surface between them is only a line, 
so that the unit pressures are very high. It is accordingly essential 
that a transmission lubricant be fortified so that it is not squeezed out 
from between the working surfaces. It must build up in a film 
that prevents metal-to-metal contact, and thereby reduces friction, 
the rate of wear and the risk of breakdown. That is why some oils 
are manufactured with a film rupture strength of over 15,000 Ib. 
per square inch. 

The temperatures to which both transmission and _final-drive 
lubricants are subjected are considerable. Some of the heat is 
generated by the friction on the gears themselves, and some is 
conducted through the casing from the engine, and although the 
temperatures do not reach those of engine oil, the lubricants do 
become loaded with metal particles and with dust, and should, 
therefore, be changed at the intervals recommended by the tractor 
makers. 


Requirements of a Good Grease 


With regard to greases, the requirements for front axles and 
steering are that they should be sufficiently soft to spread over the 
bearing surfaces, yet not be squeezed out by the jolting and jarring 
that is inseparable from tractor operation. They should, too, be 
water-repelling and protect the bearings against corrosion as well 
as wear. If greasing is done properly, and a good quality product 
used, it will form a dust-excluding seal. 

Water pumps require a special grease, for it is in contact with 
water that is nearly boiling, so the grease must not melt at this 
temperature. 

Thus lubricants are provided to assist in reducing the friction 
between rubbing surfaces, for, however smooth these may be, there 
is always a tendency to heat and a consequent reduction in the 
tractive effort received at the wheels. A bearing that is devoid of 
lubricant will, as has been said, become hot and will eventually 
“‘ seize” solid. 

It will be appreciated that there must be a space between bearings 
and the shafts which revolve in them, and when an engine is standing 
and is cold, the shaft sinks on to the lower half of the bearing and 
Presses.out a good deal of the oil from it. “When running, however, 
the shaft rises a little so that it is actually not in contact with the 
bearing metal, but separated by a thin film of oil. Thus, when 
starting up an engine it is advisable to turn it round by hand just to 
spread the oil all over the bearing. In this manner much wear is 
saved and, as has been said, considerable strain on the starter battery. 
Bearings are, however, discussed in more detail in another chapter, 
to which reference should be made. 
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BEARINGS 


|" will be appreciated that should the oil become contaminated 
with particles of dust or grit, these will eventually find their way 
into the bearings and scratch and score them. 

If you examine a number of bearings taken from engines, you will 
find that some of them have oil grooves cut across the bearing face, 
the idea being that these grooves will convey the lubricant all over 
the bearing. Many of the later type of bearings, however, are 
quite plain, the practice now being to let the chamfers do this 
work. The chamfered edges carry oil which is scraped off by the 
revolving shaft. 

There is another type of bearing that will be encountered in 
machinery, and that is the ball. This consists of anumber of hardened 
steel balls which run round a machined groove in a hard metal case. 
The balls are kept apart by a light metal cage. The complete ball 
bearing consists of an inner race, the balls, the cage and an outer 
race, and usually the inner race is a tight press fit on to the shaft, 
but the outer race is a “push” fit in its housing. The reason for 
this is that should the weight of the shaft and its load press at one 
point, it would eventually cause a failure in the outer case at that 
point. To prevent this the outer case is permitted to move slowly 
round in its housing so that every part of it bears its share of the 
load, thus adding to the life of the bearing. 

When a shaft has to revolve it must be supported in bearings, and 
when rotation takes place, friction results. It is one of the purposes 
of the bearing to keep that friction to the minimum. The simplest 
bearing is a cylindrical hole formed in a piece of metal, the shaft being 
just a free fit. Such a bearing would offer considerable resistance 
if the metal and the shaft were of the same material, and so the hole 
is usually lined with a softer metal which not only offers less frictional 
resistance but may be replaced when wear occurs. The metal 
lining, or bush, also acts as a safety valve, for whenever two surfaces 
rub together, heat is generated, and unless it is conducted away the 
metals will become so hot that one or both will melt. 

In addition to providing this safeguard, a bearing is designed to 
distribute lubricant to the rubbing surfaces, for if the design is 
sound there is actually no metal-to-metal contact when the shaft is 
revolving because a film of oil or grease separates the shaft from 
the bearing. 

In some bearings only one part moves—an example being in 
shafting—and in others both parts move, such as the big-end bearings 
in a tractor engine. The part of the crankshaft which takes the 
thrust of the connecting-rod is called the journal, and the soft 
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metal sleeve which is interposed between them is the actual bearing. 

Bearings of this type are known as plain, and the bearing metal 
itself may be brass, bronze, white-metal, phosphor-bronze or an 
alloy, the one selected depending upon the load to be carried, the 
speed of rotation, and-the contact area. Heavy, pounding loads 
are sometimes carried on phosphor-bronze bearings, one example 
being the big-end bearing in 
the Marshall tractor. In most 
tractor engines, however, a 
white-metal or an alloy bear- 
ing is used. On farm imple- 
ments where there is but little 
speed, brass or bronze is used, 
and in the disc harrow it is 
the practice of some manufac- 
turers to use hard wood. 

It is obvious that upon the 
speed with which the parts 
move depends the type of 
lubricant to be employed. 
High-speed engine parts need 
oil, and slow-revolving parts 
are usually greased. If grease 
were used in high-speed bear- 
ings it would thin with the 
heat and run out, although the 
major objection is that grease 
would settle at the bottom of 
the sump and not reach the 
eee at all. 

nternal combustion engines . ; , 
are made so that either the _ tafcanry shefing. B. Big end bearing to 
oil is forced into the bearings — take engine crankshaft. C. Tapered 
by means of a pump (force- roller wheel bearing. 
feed lubrication), or provision 
is made for scoops on the connecting-rod to dip into the oil and 
fling it all round the inside of the crankcase (splash feed), and 
little channels allow it to drain into the various bearings. Oil is also 
churned into a mist which keeps the cylinder walls oiled. 

Whereas a plain bearing is sliding friction, a ball bearing is rolling 
friction. In the former the bearing area is kept as large as possible 
to spread the load, but in a ball-bearing there is but a single narrow 
line of contact. This type of bearing is made in single and double 
rows of balls, and there are also some which have rollers instead of 
balls, these carrying greater loads. Some bearings have tapered 
rollers so that the load is not taken radially only, buthas a side thrust 
in addition. 
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OIL AND AIR FILTERS 


Oil Filters 


URING its progress through the engine, oil picks up many 

particles of metal, carbon and other foreign matter. It has, 
in fact, been found that sump oil which has been in use for a short 
time contains swarf, sand and sludge (composed of metallic dust, 
silica dust, scale from oil pipes and a varnish-like matter that chokes 
oilways and gums up pistons), and all these substances are abrasive. 
If they are permitted to circulate through the system they might 
well block up the oil pipelines and so cause a seizure ; in any case 
they bring about increased wear to the bearings and the scoring of 
the softer metals. Dirty oil consequently has an accumulatively bad 
effect on an engine, and manufacturers take great pains to ensure a 
clean supply. 

In some tractors there are four separate filters. One consists 
of a large sheet of gauze or perforated metal that is placed in the 
sump just above the oil level. Its purpose is to collect the larger 
pieces of carbon or metal. Then there is the filter—also gauze— 
that is placed over the end of the oil pipe leading from the sump to 
the pump. This strainer is of a finer mesh than the first one, and 
its main object is to prevent the oil pipes becoming clogged and 
blocked up completely. Often this second strainer is accessible 
from outside the engine. In addition to these, yet a third strainer 
is fitted to the filler-cap orifice to stop solid matter, fluff and so on 
entering the sump when the oil is poured in. 

Lastly, there is the filter which is designed to remove practically 
all deleterious matter from the oil and to ensure that the lubricant 
re-circulated by the pump is as near as possible to a new oil. 

Gauze filters are cleaned by washing them in paraffin, petrol 
or tractor fuel. They should be scrubbed lightly with a brush and 
not wiped with a rag, for this imparts fluff. There is a limit to the 
fineness of the matter which can be retained by a metal gauze filter, 
and many other types have been designed in an effort to prevent 
even the smallest of carbon particles from being re-circulated. 
It has been proved that one type of filter removes particles as small 
as .00004 in. in diameter, which is about a hundredth part of the 
thickness of a human hair. 

The first requirement of any filtering installation is that all the 
oil should pass through it, but it will be appreciated that when the 
oil is very cold, considerable pressure would have to be used, and 
there is a possibility that this pressure would be capable of damaging 
the filter element. Without this pressure there is likely to be a 
period in which very little oil can get through the element, so that 
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(Above) On tractors equipped. 


with secondary filters, it is 
a simple matter, after re- 
moving the protecting cover, 
to replace the used pack or 
cartridge with a new filter. 


(Right) Engines need protec- 
tion from dust-laden atmo- 
sphere : oil in the bath must 
be kept at the proper level 
between changes. 


Fig. 45. 


(Left) The condition of 
this filter after a normal 
120 hours’ service, shows 
the necessity for regular 
replacement. 
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the bearings would be starved until the oil thinned out. To over- 
come this difficulty, a by-pass system is used. 


The element itself is contained in a metal casing in such a way 
that oil passes into the inside of the element and is filtered on its 
way outwards. The element is held against a joint by means of a 
by-pass spring, but when the oil pressure rises to 2 Ib. more than 
the normal, the element drops a little and allows the oil to pass 
through ports direct to the outlet pipe. Thus, when an engine is 
started up from cold, the full pressure of the oil pump sends the 
lubricant round the engine without the filter being involved. This 
ensures proper lubrication at a time when it is specially needed. 
As soon as the oil warms up, the by-pass ceases to operate and the 
oil then has to go through the filter. 


Another feature of this filter is that the element is not resting 
on the bottom of the container, so that any accumulation of sludge is 
well clear of the element, and so does not impair its filtering qualities, 
nor is the sludge taken back into circulation. 


It is clear that the larger the filter area the longer is its period of 
service, and so the element is constructed in a zig-zag form which, 
besides lengthening the life of the element, reduces the amount of 
pressure necessary to pass a given quantity of oil, which means that 
the speed with which the oil goes through the element is such 
that even the finest of the impurities are held back and are not 
forced through. 

The actual cleaning medium consists of a special fabric that is 
clipped inside a perforated metal cage, and when necessary the 
material can be removed, opened out, and cleaned in petrol. After 
the accumulation of dirt has been washed off, the material is re- 
rolled and put back in its cage ready for insertion in the outer 
casing. 

There are other types of filter in which the element cannot be 
cleaned, but is thrown away after it has done a certain amount of 
service. f 

Whatever method of filtering is employed, filters must receive 
proper and regular attention if they are to fulfil their purpose, and 
the instructions given by the tractor manufacturer should be strictly 
adhered to. . 


Air Filters 


For every gallon of fuel that a tractor engine uses, something 
like 9,000 gallons of air have to pass through the carburetter. Such 
a quantity of air can hold a surprisingly large amount of dust, which, 
unless removed, gets into the cylinders and causes considerable 
wear, and also contaminates the oil. 

Several types of air filter are used on tractors, and so important 
is clean air that some manufacturers fit two separate cleaners. 
On the Fordson Major, for instance, there is on the top of the air- 
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intake pipe an ingenious device for extracting the larger particles of 
dust and foreign matter. This primary cleaner comprises a number 
of small vanes through which the ingoing air has to pass, and in doing 
so it is given a rapid swirling motion which flings chaff and dirt 
upwards and outwards, striking the underside of the cleaner cover 
and passing out into the atmosphere through four other vanes. 


AP 
h iF Cleary arto engine 


1 


Nive woot filter Pf 


Oil level. 


i. 


Fig. 46. Combination air cleaner showing flow of 
air over the oil in the reservoir and through a 
wire wool filter. 


The two main types of air cleaner are those in which some form 
of metal wool is used, and those in which the air is made to impinge 
onto oil. Frequently a combination of the two is built into a single 
filter unit, of which an example is given in Fig. 46. 

In this filter the air enters by the passage (a) and passes over the 
surface of the oil in the reservoir. Dust and other matter stick 
to the oil and gradually sink to the bottom of the well, the air 
going upwards through fine wire wool, which still further cleans it. 

Fig. 47 shows the air filter on the Marshall tractor. This uses 
coconut fibre instead of steel wool. The material is enclosed 
between two cages so that all the air has to pass through the fibre 
before it can reach the engine. This filter is serviced by taking the 
fibre out of the container, washing it in paraffin and then spreading 
it out to dry. A pint of thin engine-oil is then warmed slightly 
and the loosened fibre dipped into it and squeezed by hand until 
the fibre is all moistened but not saturated. It is then carefully 
pressed back into the cage with a piece of wood. Packing should 
not be tight, but no space should be left through which air can pass 
unfiltered. 

Oil-bath filters are cleaned by simply removing the well and 
tipping out the dirty oil. After thoroughly cleaning both the well 
and the top part of the canister, fresh oil is poured in to the correct 
level. Some operators are under the impression that as this ol 
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has not been through an engine it can be used to lubricate implements 
and other machinery, but to do this is as bad as dropping a handful 
of emery powder into clean oil and using that. Old filter oil should 
never be used again unless it has first been put through a special 
oil-reclaiming plant. 


Fig. 47. Air filter packed with coconut fibre on Field Marshall tractor. 
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XIV 


COOLING 


Te internal combustion engine is known as a ‘“ heat ” engine, 
for it converts the potential heat energy contained in the fuel 
into work. In doing this it by no means uses all the heat liberated, 
for actually only about 25 per cent. of the total heat generated is 
converted into work, and some 40 per cent. is wasted in the exhaust 
gases. The balance is imparted to the pistons and cylinder walls. 
It is essential that this be removed as quickly as possible, because 
none of the metals used in engine construction can endure for very 
long the temperature of combustion. 

In some of the smaller industrial-type engines this heat is dissipated 
by means of an engine-driven fan, but the system is not practical if 
there are more than one or two cylinders, partly owing to the large- 
sized fan that would be needed, and partly because a complicated 
system of ducts would be necessary. The most common means is 
to use water which is made to circulate round the cylinder heads 
and through a radiator. The radiator is a system of tubes—usually 
carrying fins—placed in the front of the machine so that it gets the 
full benefit of the air. -In many cars a large radiator is all that is 
necessary, because the speed with which the vehicle is driven 
through the air is enough to keep the temperature of the water 
down to under boiling-point. Nevertheless, it is customary to 
fit a small fan which assists in keeping down the temperature when 
the vehicle is moving slowly through traffic or is climbing hills on low 
gears. Because of the slow land-speed of tractors, and the amount 
of work they have to do when driving machinery off the belt pulley, 
a large-size fan is used, plus a pump which speeds up the water 
circulation. Without the pump the water would quickly boil away 
and the engine overheat. 


Engine Water-pumps 

Water pumps are simple things, for they consist of a vaned member 
rotating in a casing. Such pumps are called centrifugal pumps, 
because the spinning vane throws the water into a pipe thus ensuring 
a circulatory motion throughout the engine and radiator. The most 
important part of a tractor water-pump is the gland, or water seal, 
and this may take the form of a spring-loaded packing impregnated 
with graphite, or it may be simply a length of graphited string held 
in place by a gland nut. Naturally, the object of the gland is to 
Prevent water leaking between the rotating shaft of the impeller 
and the stationary casing, but in addition to this the gland frequently 
provides lubricant to the shaft. Thus if the gland packing is tightened 
up too much, it not only prevents the slight seepage of water (which 
is the lubricant for the shaft), but it may press so tightly on the 
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shaft that it imposes a severe strain on it. A gland should be 
tightened only sufficiently to prevent leakage, but should allow a 
seepage. When a new packing has been inserted it should be 
tightened down lightly at first, and then gradually tightened a little 
more as it beds in. 


Fig. 48. Diagram showing the direction of water flow in cooling 
system of Fordson Major tractor. 


Thermostat Control 


Some cooling systems incorporate a thermostat control which 
eliminates the necessity for the operator to close the radiator blind 
in cold weather. Thermostats are made in two types, one consisting 
of a series of thin metal rings connected together to form a bellows, 
and the other comprising a spring made of two metals, brass and 
invar, which expand at unequal rates. The bellows thermostat 
is filled with liquid which expands and contracts according to the 
temperature of the water surrounding it, so that by means of levers, 
a radiator shutter opens and shuts. The bi-metal device operates 
similar levers. There are some systems which by-pass the water 
so that when the engine is cold only that water contained in the 
cylinder block is permitted to circulate until the temperature 


COOLING 81 


approaches the normal operating temperature of the engine. At 
this point the radiator water is connected in the “ line.” 

Tractor engines should be made to work at a temperature of 
160° F. to 180° F., for at lower temperatures the fuel consumption is 
higher, and above 180° there is a risk of the water boiling away 
when the engine is at full throttle. At high temperatures, too, 
many engines are liable to “ pink,” although this is more likely to 
occur with a petrol-driven engine than one running on vaporizing oil. 

It is worth mentioning here that a boiling radiator is not necessarily 
a sign that the water is not circulating properly, for it may be that the 
fuel mixture is over rich or even too weak. Other causes of heating- 
up are a retarded ignition, low level of engine oil in the sump, and 
unsuitable oil. Dragging brakes and overloading are other causes. 
Then the tightness of the fan belt should not be overlooked, nor 
should the water level in the radiator. Whatever the case, it 
should be found at once and remedied. If steam is issuing from 
the radiator filler cap, do not unscrew it until the engine has cooled 
down or a severe scald may be the result. If the water level is 
low, let the engine cool before adding more, otherwise there is 
every chance of cracking the cylinder block. 


Fan Belt Adjustment 


Fan-belt adjustment is usually a simple matter, for almost without 
exception it is achieved by widening or narrowing the fan-belt 
pulley behind the fan. These pulleys are made with two separate 
flanges, which screw on to a shaft. Screwing in the outer flange 
narrows the pulley and tightens the belt. On those tractors fitted 
with dynamos it is usually possible to adjust the belt tension by 
swinging the dynamo on its mounting, for the dynamo pulley acts 
in the same manner as a jockey pulley. 


Causes of Overheating 


If overheating occurs when the crankcase oil level is correct, 
the right oil is used, the water level in the radiator is right and the 
fan belt adjusted properly, then the trouble is most likely due to 
some obstruction in the circulation system. A simple test is to 
grip the water hosepipe leading to the top of the radiator, and then 
to open up the engine throttle quickly. If the circulation is free 
there will be a distinct increase of pressure in the hose as the engine 
speeds up. This test cannot, of course, be applied if the tractor 
has a thermo-siphon system, for there is no change of pressure. 

A common cause of overheating is the furring-up of the radiator, 
due to the use of hard water, or to the accumulation of muck in the 
water (i.e., dead leaves, straw and so on). To flush out a radiator 
it is best to make the water flow through the opposite direction to 
that of the normal so as to loosen the deposit. If the stoppage is 
ave to fur, use one of the preparations—such as ‘ Epheta’” —to 
clear it. 
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Overheating may also be caused by an accumulation of dust and 
dirt in the radiator grill, particularly after the tractor has been used 
for threshing. This grill should be periodically cleaned out by 
compressed air or water pressure directed through the grill from 
the engine side of the radiator—i.e., the flow should be opposite to 
the sucking action of the fan. 

Much trouble is caused by the use of wrong anti-freeze solutions. 
Many people, in an endeavour to obtain something cheap, have used 
commercial glycerine in the water, but this may attack the rubber 
hose, and may even corrode the engine cylinder-jacket. Solutions 
of calcium chloride should not be used, as they have a harmful 
effect upon the engine and particularly upon aluminium parts. 
It is unwise, too, to keep an anti-freeze solution in the radiator 
throughout the summer. 
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MAG NET OS 


MAGNETO utilizes two fundamental laws of electrical 
behaviour : (1) If a piece of wire forming a circuit is made to 
pass through a field of magnetism, an electric current is set up in 
the wire ; and (2) if a current of electricity is passed through a wire, 
a magnetic field is set up around the wire. Most people are familiar 
with the ordinary horseshoe magnet that will pick up small pieces of 
iron and steel. An invisible magnetic field flows between the ends, 
or poles, of the magnet, and this field attracts iron. In a magneto 
we have a horseshoe magnet with the ends set wide apart, and 
between these ends is a piece of soft iron which can be made to 
revolve. 
Primary Winding 
Around this soft iron ‘‘ core” is wound a length of insulated wire, 
and when the two ends of the wire are joined together and the core 
and coil revolved, the magnetism from the permanent magnet surges 
through the core and flows around the coil, producing a current of 
electricity. This current is a weak one, and although it would 
light a torch lamp, it would not jump across the points of a spark 
plug. 
According to the second law, current sent through a wire sets 
up magnetism around the wire, so the purpose of the coil mentioned 
is to magnify or produce more magnetism. Now it has been found 
that when the ends of the coil are joined suddenly the magnetism 
builds up around the coil suddenly, and when the ends of the coil 
are separated, the magnetism collapses quickly. The coil we have 
been discussing consists of a few turns of wire, and is known as the 
primary winding, and the device which joins the two ends and 
which breaks them apart again is called the contact-breaker ; it is 
merely a mechanical switch. 


Secondary Coil 


So far, then, we have a machine which will make a strong field 
of magnetism. In order to get a current of electricity strong 
enough to jump across the points of the sparking plug when it is 
surrounded by compressed air and fuel vapour, it is necessary to have 
plenty of pressure behind it. We get this by applying law No. 2 
again, for over the primary winding is wound a second coil of 
insulated wire. This wire is much thinner (being about the thickness 
of a hair), and there may be as much as a mile of it. 

The magnetism which is produced by the primary coil cuts across 
the secondary coil, and this produces a “ high-tension,” or high- 
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pressure, current in the secondary wire. The magneto is fastened 
to the engine and geared so that at exactly the right time the 
magnetism from the permanent magnet which is surrounding the 
primary coil is collapsed by the opening of the contact-breaker 
points. The collapsing field of magnetism passes very rapidly 
across the secondary winding and produces a current of electricity 
at the sparking-plug points. 

Let us now illustrate this 
with a few simple drawings. 
Fig. 49 (a) shows a horse- 
shoe-type permanent magnet 
with the magnetism indi- 
cated by little dashes. In 
Fig. 49 (b) we have the soft 
iron core in the position in 
which the greatest amount 


(a) (b) (<) of magnetism flows through 
Fig. 49. Horseshoe-type permanent mag- the main part of the core ; 
net showing control of magnetic flow and in (c) we see the core 

through rotating core. in such a position that the 


magnetism takes the easier 
path through the curved ends of the core, leaving none to pass 
through the core body. 

Fig. 50 is a much simplified diagram of the essentials of a high 
tension magneto. In actual practice, as we have said, the secondary 
winding is wound on top of the primary, but here it is shown so that 
all the connections are easily seen. It will be noticed that there 
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Fig. 50. Simplified diagram showing essentials of high-tension magnets. 


are two complete circuits. The primary circuit is from “ earth” 
(or the engine casting), up through the primary winding, across 
the contact points and back to earth. The secondary circuit is 
from earth, through the secondary coil, then through the distributor 
and across the sparking-plug points and back to earth. It might 
be mentioned here that the distributor is simply a revolving switch 
which permits the high-tension current to pass from the secondary 
coil to each of the sparking plugs in turn. 
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The Contact-breaker 


The efficiency of the machine largely depends upon the condition 
of the contact-breaker, for this has to make and break contact every 
time a plug fires. Thus, if the tractor engine is running at 1,000 
r.p.m., the four plugs fire a total of 2,000 times, which means that 
the contact-breaker opens and shuts 33 times a second! To ensure 
a good spark, the contact F C AUXILIARY 
points must be kept clean a 
and the rocker-arm working 
freely. 

As far as the tractor 
operator is concerned, the 
contact-breaker is the most 
important part of a magneto, 
for, as we have already seen, 
it has to function many times 
asecond. Every part must, 
therefore, be kept in good 
order if trouble is to be , 
avoided. Fig. 51 shows a  AUX/L/ARY 
simple contact-breaker, and  5°R/NG 
although that on your own Fig. 51. Diagram of contact-breaker. 
tractor may be different, Explanation of lettering is contained in 
they all contain the essentials the text matter. 
given in our picture. 4 

The two contact points are shown at A and B, the former being 
fixed and the latter adjustable. Contact point A is fastened to 
the rocker arm, which is pivoted and carries a fibre pad which 
slides over the operating cam and opens the points. Contact is 
again made by the operation of the main spring F. In most magnetos 
and in some coil-ignition contact-breakers, two small auxiliary 
springs are fitted, one at each end of the main spring. Their purpose 
is to distribute the tension evenly over the whole of the main spring 
and not allow any part of it to receive the full force of the flexing 
movement. 

In some magnetos there will be a condenser on the contact- 
breaker unit, but in others it is placed in the armature and revolves 
with it. 


Servicing the Lucas 4V RA Magneto 


The Lucas 4V RA is an interesting example of magneto construc- 
tion, for it is designed to be mounted vertically or at a slight angle 
in the same way as a distributor, so that engines designed for use 
with coil ignition can be changed over to magneto without difficulty. 
The machine is of the rotating-magnet type, which means that the 
less robust parts are stationary. The drive is at half engine speed, 
and no gearing is needed between the rotor shaft and the contact- 
breaker. The magnet and pole system is arranged so that the 
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number of sparks produced for each revolution of the magneto 
rotor is equal to the number of engine cylinders. Thus, for a four- 
cylindered engine the 4V R is used, and for a six the 6V R. 

The magneto is fitted with an automatic advance and retard 
mechanism of a type common on most coil-ignition systems. The 
high-tension current is carried from the secondary coil through a 
flexible rubber-insulated cable to the distributor, which itself forms 
a cover to the contact-breaker. Impulse starters are fitted to other 
models of this magneto. 

To service the Lucas 4V RA magneto, unfasten the two knurled 
screws which hold the distributor in place and pull off. If it is 
necessary to get at the coil unit, remove the two screws and detach 
the cover. The magneto, without its covers, is shown in Fig. 52. 
The rotor arm, marked ‘ A,” pulls off in the usual manner ; but it 
will be noticed that it has an attachment consisting of a brass plate 
“B” (which slides in grooves and is held to the centre by springs) 
and a flat, curved strip of metal ‘* C,” which has a projecting lug 
on it. In addition to being the safety-spark gap, this device is 
designed to cut out the ignition should the engine speed rise beyond 
the safe limit, for as the magneto spindle revolves, the plate “B” 
is flung outwards and eventually contacts the lug. The tension 
springs on the plate should, therefore, never be interfered with 
in any way. 


Fig. 52. Fig. 53. 
The Lucas 4V RA magneto. 


In Fig. 53 we have a slightly different view, and the distributor 
rotor has been removed to show the contact-breaker. The insulated 
wire ““D” passes from the primary coil, through the magneto 
body and is secured to the earthing switch terminal “E.” To 


MAGNETOS 87 


remove the coil unit, take out the two setscrews marked ‘F” in 
Fig. 52. These screws are constructed with a thread at each end 
and a nut In the middle, the top thread taking the coil-cover screws. 
The switch terminal has two nuts on it. Slacken both of these back 
a turn or two and press down the terminal, thus allowing the spade 
terminal on wire ‘‘D” to be withdrawn. The wire is then pulled 
through the hole in the magneto body as the coil unit is lifted away. 
Remember that whenever the armature of the coil is taken from 
the machine, a ‘‘ keeper” of iron or steel should be put across the 
pole pieces to preserve the strength of the magnets. 4 

To remove the condenser, slacken the screw marked ‘*H” 
in Fig. 53, and if the two nuts on the switch terminal have not already 
been disturbed, do this next, when the condenser and the curved 
metal strip can be lifted out. The contact-breaker is simple to 
service, the design being such that no auxiliary spring is needed 
for the rocker-arm spring, and that the L.T. wire, contact-breaker 
spring and condenser are all connected to the one terminal. 

Should the contact points become pitted, it is best to remove them 
completely and re-face each separately, unless one has a special 
diamond-dust-impregnated strip. 

The fibre rocker arm is pivoted on a bronze pin. To take out 
the rocker, slacken the earth switch pin nuts and gently lift the 
rocker off its pivot, easing the spring away at the other end. The 
fixed contact is removed by taking out the two screws marked 
“J” and “K” (Fig. 53), when the plate carrying the contact may 
be lifted out. Place the contacts in a vice and trim them with a 
magneto file or a piece of fine emery cloth backed with a strip of 
wood. Keep the surface of the contact as flat as possible, and remove 
all pitting, leaving the surface clean and bright. Smear the rocker- 
arm pivot with a very small amount of Mobil-grease No. 2 every 
250 hrs. of running, and after every 150 running hours give the ey 
a smear of the same grade of grease. Replace the contacts an 
then adjust the cap. To do this, first rotate the spindle until He 
points are fully open, then move the fixed contact plate wire 
gauge just slides comfortably between them, then tighten bot 
screws firmly. 

Occasionally remove the distributor and clean the electrodes 
with a cloth moistened with petrol, and wipe the inside of the 
cover with a clean duster. See that the carbon brush is clean 
and moves freely In its holder. Clean the outside of the moulding, 
particularly the spaces between the terminals. ne 

The magneto is usually carried in a clip attached to the timing 
lever. The timing can be adjusted by loosening the clamping 
screw on the clip and turning the magneto in the desired direction. 
If the magneto has to be removed from the engine it is advisable to 
mark the position of the magneto body, lever and rotating arm, SO 
that the machine can be replaced in the same position, and so avoid 
re-timing. 
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Resetting Timing of Magneto 

Should the timing be upset for any reason, endeavour to keep to 
the engine manufacturer’s instructions, but if these are not known, 
proceed as follows: Turn the engine over until No. 1 piston is at 
top dead centre of the compression stroke. Next, half retard the 
hand ignition control, if this is fitted. Then turn the magneto so 
that the contacts are just about to open when the metal electrode 
on the distributor arm is pointing to the insert in the moulding 
connected to No. 1 sparking plug. If necessary, slacken the clamping 
screw on the timing lever and turn the magneto until this position 
is found. After setting and checking, tighten the clip. 

To lubricate the automatic timing control and the magneto shaft, 
fill up to the level of the lubricator with thin machine oil once a 
month. Remember to keep the sparking-plug gaps to .020 in. and 
to replace any high-tension cable which shows signs of perishing or 
cracking. Use only 7 mm. rubber-covered ignition cable for all 
high-tension leads. The fixing screw for the centre terminal of the 
distributor cover is accessible when the carbon brush is withdrawn. 


Coil Ignition 

Some tractors are fitted with coil ignition, the Ferguson being 
but one example. Fundamentally there is not a great deal of 
difference between the two systems. The coil system comprises 
an accumulator for supplying the primary current, a coil, and a 
combined contact breaker and distributor, thus giving us three 
separate units instead of one. It should be noted, however, that 
in magneto ignition, switching off is accomplished by earthing the 
primary current so as to prevent it from passing through the wind- 
ing, whereas in coil ignition, switching off actually prevents the 
primary current from flowing at all. Apart from this difference, 


the servicing and maintenance details given apply to either type of 
contact breaker and distributor. 


Tracing Ignition Faults 

The best way to trace ignition faults is to tackle the job syste- 
matically so that each test either finds the fault or eliminates certain 
parts of the system as being satisfactory. It must not be forgotten 
that ignition trouble is not the only thing that will prevent an 
engine from starting, so before inspecting the magneto see that the 
fuel supply is in good order. 

Begin your ignition tests by checking the ignition switch and 
cable. Disconnect the switch cable from the magneto contact- 
breaker and try to start the engine. If it fires, then the fault is 
in either the cable or the switch. Unlike coil ignition, earthing 
the primary winding switches off a magneto, so by disconnecting 
both cable and switch they are tested together. To test the cable 
itself (assuming that the engine starts when it is disconnected) 
replace the connection at the contact-breaker but disconnect it 
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from the switch. If the engine starts, then the fault lies in the 
switch. 

If the above test fails to produce a start, the next thing is to see 
if any spark at all reaches the plugs. There are three simple checks 
for this, the first being to remove the plugs from the cylinders and 
to lay them on the engine. The high-tension cables should not be 
removed. Turn the engine over with the starting-handle and note 
if a spark is obtained at each plug in turn. The second method Is 
to put a screwdriver point on the cylinder head and to hold the 
blade a sixteenth of an inch or so from the plug terminal. If the 
current passes a spark will jump across the gap. But make sure that 
the screwdriver has an insulated handle or you will get a shock. 

The third method is to use one of those small neon-tube plug 
testers. In this case it is necessary only to touch each plug terminal 
in turn, when a flash will be observed in the tube if a spark occurs 
at the plug. No spark on any of these tests may mean: (a) a 
plug is sooty and the gap between the points bridged by carbon ; 
(b) too large a gap or no gap at all ; (c) the insulator is wet, thus 
allowing the current to pass directly to earth; and (d) the high- 
tension cable is broken or disconnected, or the insulation is perished 
and allowing a‘* short.” Check over all these things before proceed- 
ing with further tests. 

The next thing is the con- aA 
tact-breaker, the care and =, ag eArisn 
maintenance of which has 
already been dealt with. 

The usual rapid check is, 

on the Lucas GJ4 and similar 
types, to slip off the cover 

and to operate the rocker 

arm with the finger to see if 

it returns freely. Next, 
unscrew the breaker and 
remove it, and examine the 

small carbon brush in the ~*~ 
back. This brush is shown Fig. 54. Back view of contact breaker 
in Fig. 54. This illustration removed from Lucas GJ4 magneto. 
also shows the pressed key 

in the centre boss of the 

contact-breaker base. Make sure, when replacing the breaker, 
that this key fits into the groove provided for it in the magneto. 
Unless the breaker is positioned correctly the key will become 
damaged and the points will not open at the correct time. The 
carbon brush conveys the primary current from the coil to the 
contact-breaker, and if it sticks in its hole, there will, of course, be 
no spark at the Plug. Should the engine again fail to start after 
the contact-breaker has been checked and carefully replaced, 
examine the distributor. There may be moisture inside the mould- 


E 


90 FARM MECHANIZATION HANDBOOK 


ing, and this will provide an earth path for the current. If tracking 
is due to dirt, it will, if allowed to continue, ruin the moulding of 
the distributor. After wiping the distributor dry, examine the 
segments to see if they are dirty or pitted. Pitted segments should 
be rubbed over very lightly with a smooth file, but do not remove 
any metal, as this will increase the gap over which the current 
has to jump and make starting more difficult. 
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Pick-up 


Fig. 55. Pick-up in position on magneto. 


The Pick-up 

Next take out the pick-up. 
This is usually a small moulding 
containing two carbon brushes, 
one of which presses on the slip- 
ring of the armature, and the 
other on to the “pencil” 
which carries the distributor 
rotor. Fig. 55 shows the pick- 
up in position; the magnets 
have been removed to ensure 
aclear view. Fig. 56 shows the 
pick-up itself. Note the two 
carbon brushes, which should 
work freely in their guides, yet 


Fig. 56. Pick-up removed from magneto, have sufficient spring to make 
showing carbon brushes.. goodcontact. There is another 
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carbon brush to inspect, and this is usually found underneath the 
magneto. It presses on to the armature drum, and its function is 
to earth the primary coil. In the magneto shown in Fig. 55 this 
brush is fitted in the side and is shown marked at A. 


The Sparking Plug 

An essential part of the electrical system is the sparking plug. 
Tractor performance can be much affected by the type and condition 
of the plug used, and care both in selection and maintenance is well 
worth the trouble. In order to function properly, a sparking 
plug should have sound insulation, be gastight, operate for long 
periods without failure, be resistant to 
rust, and not pre-ignite the fuel. 

The exploded drawing, Fig. 57, is of a 
Wico plug. It has a rust-resisting body 
(A) of zinc-coated steel, which screws 
into the cylinder head. A pure nickel 
point} (B) is fastened: to the body and 
provides the earth return for the 
current. The central electrode (C)— 
also pure nickel—has to be completely 
insulated from the body. 

In plugs designed to be dismantled 
for cleaning purposes, the central 
electrode and its insulation are held in 
the plug body in such a way that the 
joint is completely gastight, and this is Fig. 57. Sectional view of 
achieved by a copper joint ring (D) that “ Wico”’ sparking plug. 
is tightened down on to the body by a 
steel gland nut (E). The upper end of the electrode has, of course, 
provision for the attachment of the high-tension cable. 

Combustion temperatures are very high, and unless the heat is 
quickly conveyed away from the central electrode, the point will 
become so hot as to be incandescent, resulting in rapid burning of 
the metal and the pre-ignition of the fuel. Engines do not run at 
the same temperature, however, and a plug suitable for one is not 
necessarily correct for another. For this reason plug manufacturers 
make various types, some for ‘‘ hot ” engines and others for “ cold ” 
engines, with possibly a dozen types in between these extremes. 

Heat control is secured in several ways, and one common method 
is by altering the length of that portion of the insulator surrounding 
the central electrode. A long uncovered electrode, therefore, 
indicates a hot point and one suitable for a “‘ cold” engine. Other 
plugs rely upon a copper sleeve interposed between the electrode 
and the insulation, and yet a third method of control is to vary the 
size of the cavity between the electrode and the plug body. In 
the main an electrode should run hot enough to burn off carbon, the 
presence of which is an indication that the plug used is too ‘‘ cold.” 
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A further consideration is the length of the plug body thread, 
and some engines are so designed that the normal thread length of 
a plug does not’ permit the points to go far enough into the com- 
bustion chamber, thus forming a pocket from which the hot gases 
are seldom scavenged. Thus, from what has been said about 
suitability, readers are urged to make quite certain that replace- 
ment plugs are really suitable for their make of engine. The best 
way is to look up the tractor maker’s handbook and order the plug 
he recommends. 

We come now to the question of maintenance. To most people 
this is simply a matter of taking the plug to pieces, scraping away 
carbon and oil, etc., and setting the gap after re-assembly. Up toa 
point this is correct, but there is a right and a wrong way of doing 
it. Never grip a plug body tightly in a vice, for this may result in 
distortion, gas leakage and fracture. The safest method is to turn 
the plug upside down and lightly grip the gland nut in a vice, using 
a well-fitting box spanner to unscrew the body. Wipe the central 
electrode and its insulation in a petrol- or paraffin-soaked rag if 
the deposit is soft, but use a piece of fine emery cloth if the deposit 
is hard. Scrape out the inside of the plug body and wash away all 
carbon and abrasive material before re-assembling, taking care that 
the copper joint washer is clean and undamaged. Replace the 
parts carefully and tighten the gland nut. 

Next check the plug gap with a feeler gauge. The normal setting 
is 018 in. to .020 in. If the gap is too big, bend the side electrode 
to the centre and not the centre electrode to the side, for by so 
doing you may fracture the insulation. The feeler gauge should 
just slide comfortably between the points and neither force them 
open nor wobble about. 

Although most sparking plugs will give many months of service, 
particularly if looked after properly, they do gradually deteriorate. 
This deterioration is so slow that it usually passes unnoticed. It 
is, therefore, a good plan to have a new set of plugs handy and to 
try them occasionally. If a noticeable improvement is felt, then 
keep the new ones in and scrap the old set. 


The Impulse Coupling 

When a large engine fitted with magneto ignition is started by 
hand the speed of rotation is so low that the magneto will often fail 
to produce a spark of sufficient intensity to ignite the mixture in 
the cylinders. For this reason a device called an impulse starter, 
or impulse coupling, is fitted. This mechanism temporarily prevents 
the magneto armature from revolving, but when the piston—usually 
that in No. 1 cylinder—is at the top cf its firing stroke, the armature 
is flicked rapidly through the magnetic field and produces a hot 

spark. ; 
PAS difficulty is sometimes experienced in understanding how this 
is achieved, a simple piece of apparatus will show what happens. 
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Suppose we have an arrangement as that in Fig. 58, consisting of a 
Piece of string (A) with a small weight on one end (D). At some 
point along the string we have a pair of contacts (B), which are 
normally kept together by a 
flat spring. When the other 
end of the string (C) is pulled 
in the direction of the arrow, 
D will travel towards B at 
the) sale speed that the Fig. 58. Explanatory arrangement of 
string is pulled, and even- action of impulse coupling. 

tually it will reach the 

spring and open the contacts. 

If, however, the string is replaced by a piece of elastic, and this 
is held at the point D, pulling the end (C) merely stretches the 
elastic. Then if D is released when the elastic is fully stretched, it 
will travel along and reach the spring at a high speed. 

This is, in effect, what happens in an impulse starter, for the 
movement of A represents the rotating of the engine, B the 
firing point on No. 1 cylinder, and D the cam which operates the 
contact-breaker arm. We accordingly see that although the engine 
is turned, the armature shaft of the magneto—and, of course, 
the breaker—does not revolve. But immediately D is released 
the breaker turns rapidly and opens the points at the correct time. 

In one simple form of coupling a plate which is keyed to the 
armature shaft carries on it a small pivoted lever. As the engine 
starts to turn, the plate and 
lever turn also, but further 
movement is prevented by 
the lever’s coming into con- 
tact with a projection on the 
magneto body. The engine 
still revolves, and this action 
winds up a powerful spring 
which is contained in a metal 
drum driven by the engine 
camshaft. When the spring 
is fully wound the lever 
which prevents the armature 
from revolving is released, 


Fig. 59. View of magneto with impulse the spring unwinds, and 
coupling removed. the armature is flicked round 
rapidly. 


Impulse couplings will operate for a long time without attention, 
but sometimes they become clogged with dirt and the spring may 
break. To dismantle the coupling on a Fordson tractor, first 
remove the magneto and then unscrew the nut in the centre of the 
impulse coupling which holds the assembly onto the armature. 
This nut is secured in the coupling by a spring retaining ring, so 
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when the nut is unscrewed it acts as a puller and draws the coupling 
from the shaft. The magneto is shown in Fig. 59. 

Remove the outer snap ring which secures the inner member to 
the outer case. Withdraw the inner member, at the same time 
releasing the spring so that it is retained in the outer case. Each of 
the pawls is kept on its pivot by a small washer fastened by a tiny 
snap ring. The spring may be removed from the outer case, taking 
care to release the tension gradually. It may be necessary to 
remove the coupling securing nut—the one that. was unscrewed 
first—and if a well-fitting box spanner is not used, the edges will 
be turned off. The nut is held in place by another snap ring. Fig. 60 
shows the spring in its housing. 

Before reassembling, 
grease the torsion spring 
and the fibre strip inter- 
leaved with it, and engage 
the inner ends in the slot 
machined on the boss of 
the inner member, so 
that the spring is wound 
in a clockwise direction. 

Fig. 60. Securing,nut on impulse coupling in The fibre strip should not 

position and (right) the spring in its housing. extend into the hooked 

outer end of the spring, 
otherwise difficulty may subsequently be experienced in engaging 
the lug of the inner member. 

Wind the spring up so that it just enters the outer case, but 
ensure that the outer hooked end does not stand so proud of the 
remaining coils that it cannot be pushed into position afterwards. 
Next hold the inner member with the pawl pivot pins towards 
you and horizontal, place the upper pawl on the left-hand pivot pin 
with the trailing part to the right, and secure in position with the 
flat washer and the circlip. Install the other pawl similarly. Both 
pawls should rotate freely within the limits of travel. 

Place the large boss of the inner member in the bore of the case 
which holds the spring (i.e., the pawls uppermost), so that the 
protruding lug may be inserted in the hooked end of the spring. 
Do not press the two halves together at this stage, as it is necessary 
that the spring be given about a quarter of a turn first. If the lug is 
first hooked in the spring and then gently withdrawn, it will lift 
out the spring end enough to permit the inner member, which 
carries the pawls, to be turned to the right, until the lugs which 
point upwards are moved over those lugs on the other member. 
When this has been done, press the two members together and 
secure with the circlip. This circlip will, of course, be the one 
first removed. If the nut itself has been taken out, it will have to 
be inserted and locked with its circlip before the two members 
can be fastened together. 
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Timing the Magneto 

To time the magneto, rotate the crankshaft with the starting 
handle until No. 1 cylinder is at its firing point. This is when the 
piston is at top dead centre with both valves closed. The easiest 
way to find this position is to remove the valve cover and also 
the sparking plug from No. 1 cylinder and insert a piece of wire 
down into the plug hole so that it touches the top of the piston. 
Rotate the crankshaft until both valves are closed (this will be when 
neither spring is compressed) and the upward movement of the 
wire stops. 

Remove the distributor cover from the magneto and rotate the 
impulse coupling anti-clockwise until the rotor arm is pointing 
towards that segment of the distributor numbered 1, and to which 
the high-tension lead from No. 1 plug should be connected. Turn 
the armature so that the points are just about to open with the 
rotor arm in the position described. The lugs on the coupling 
will be approximately horizontal and the lugs on the driving shaft 
vertical. Install the fibre coupling and slide the magneto forward 
on its bracket, insert the four magneto securing screws and tighten 
them. Replace the distributor cover and re-connect the high- 
tension lead and, of course, the valve cover. 
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XVI 


DYNAMOS 


Fale general principle upon which a dynamo works was described 
in Chapter XV, for a magneto is actually a dynamo in this case 
producing alternating current. At this point, therefore, we can 
turn directly to a consideration of the type of dynamo used on 
tractors. 

As a rule the casing is of cylindrical shape and contains the field 
magnets. These have pole shoes shaped to embrace the armature, 
which is mounted centrally within the casing, and is carried in 
bearings at each end. One of the covers in which the bearings are 
fitted also carries the brushholders, and these, in turn, are provided 


with carbon brushes that bear on the commutator fixed on the 
armature shaft, as shown in Fig. 61. 


The armature itself consists 
of a large number of soft-iron 
stampings assembled in a 
compact mass, and afterwards 
machined to an exact diameter. 
Each stamping is slotted in such 
a manner that, when assembled 
on the shaft, the slots form 
longitudinal grooves, and in 
these are wound coils -of insu- 
lated wire connected at their 
ends to the bars of the commu- 
tator. It is important, of course, 
that the windings shall be fixed 
rigidly in place to resist the 
effect of centrifugal force when 
Fig. 61. Dynamo showing carbon the armature is rotating at a 

brushes bearing on the commutator. high speed ; furthermore, the 

armature must be balanced so 
that it runs without vibration, as the clearance between it and the 
surrounding pole pieces is very small—only a few thousandths of 
an_inch. This clearance is known as the air gap. 

There is usually one field magnet (with a total of two poles or 
faces) in the modern tractor dynamo, but at one time the four-pole 
dynamo was common, and some machines of this type are still 
made. 

The windings of these magnets are connected together, and the 
ends of the wires are coupled to the brushes in such a way that the 
field windings and the armature windings are “in parallel,” as it 
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is termed. Thus current generated in the armature can flow from 
the brushes either through the field windings or to the battery, or 
whatever may form the external circuit. The amount which flows 
through the field circuit will depend upon the resistance of that 
circuit, and the voltage generated by the armature. 

A dynamo of the shunt type described, although the best of the 
simpler arrangements for our purpose, is not ideal. In normal use 
a tractor engine may run at anything from, say, 1,000 r.p.m. to 
over 2,000 r.p.m., and the dynamo being directly coupled to the 
engine, must undergo similar variations of speed. This entails 
corresponding changes in the rate at which each conductor on the 
armature cuts the lines of force in the magnetic field, and there must 
consequently be a great rise in voltage as the speed increases. 
Any such result is undesirable because it would overload the lamps, 
battery and other equipment. 

Special features are introduced to overcome this difficulty. They 
operate by reducing the strength of the field as the speed increases. 
Thus the higher rate at which each conductor passes through the 
field is offset by the weaker field, and the number of lines of force 
cut per second does not change much. This reduction of field 
strength is achieved by decreasing the current which flows through 
the field windings. 


Output Control 


Two quite distinct methods are in use to produce the desired 
result. The first of these to be employed is known as the third- 
brush system. In addition to the two main brushes, positive and 
negative, a third and smaller brush is placed between the main 
ones, and it is connected to one end of the field winding. 

The maximum output of a dynamo depends very largely upon 
the position of the third brush with relation to the two others. 
By moving the third brush in the direction in which the armature 
revolves, a greater output can be obtained. There is, of course, a 
limit to the amount of current which the windings can safely carry, 
and for that reason it is certainly not advisable to push the output 
beyond the makers’ recommendations. In the absence of these, 
however, a fairly safe method is to proceed as follows: Open the 
throttle to a point where the engine revs. represent the normal 
operating speed. The dynamo should then be generating its full 
output. If it is not, open the throttle a little more. 

Switch on all lights and note the reading of the ammeter; it 
should show a small amount of charge—about 2 amps. or a little less. 
If the needle is on the discharge side of zero, move the third (regulat- 
ing) brush of the dynamo as required to obtain 2 amps. charge. 
Alternatively, if a charge of rather more than 2 amps. is shown in 
this test, the output must be reduced, as it will be too great when 
the lamp load is removed. 

The method of arranging for brush movement varies with different 
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dynamos. Sometimes there is a locking screw (or two screws) 
working in a curved slot in the end cover.’ The brush can be moved 
after slackening the screw (or screws) very slightly. 

In another design, part of the brush carrier is formed as a toothed 
segment with which meshes a’small pinion. A hexagon on the 
pinion enables it to be rotated with a spanner, thus moving the 
brush. A locking screw in the end cover prevents movement 
at the wrong time. There is a further scheme in which the brush 
carrier is frictionally held, so that only a fairly hard push is needed 
to move the brush. 

On some types of dynamo the current can be further regulated 
by means of a hand-operated switch, which introduces resistances 
into the field circuit. As a rule there are two switch positions : 
“Charge” and “ Half-charge.” In the ‘‘ Charge” position the 
normal output of the dynamo is generated; for “ Half-charge ” 
the amperage is reduced to approximately half the full rate. An 
additional resistance, which remains in circuit until the lights are 
switched on, may also be provided. By this means an excessive 
“ daylight ” charge is avoided, but the output is boosted up when 
the lamp load comes on. 

In spite of third-brush governing, a voltage beyond the safety 
limit may be generated in certain circumstances ; its effect would 
be to burn out the field coils. To guard against this, a fuse is pro- 
vided in the field circuit. The field fuse will blow only if a fault 
develops in the main circuit, and it is a mistake merely to replace 
the fuse without finding the cause of its blowing. It isan even greater 
mistake to substitute a heavier-gauge fuse wire to prevent blowing. 
A fuse is a safety valve set to blow at a certain pressure, and any 
attempt to increase the “ strength ” of the fuse may lead to trouble. 

If a dynamo and a battery be connected together and the dynamo 
be stationary, or running below its charging speed, the battery will 
feed back through the dynamo. This, of course, will result in the 
battery being discharged ; therefore, an automatic switch (known 
as a cut-out) is placed in the circuit so that the current can be cut 
off whenever the dynamo is not generating. 


The Cut-out 


Its construction and working are simple. A soft-iron core carries 
two windings: one, the voltage coil, is of fine wire; with its ends 
connected across the dynamo terminals; whilst the other, of 
thicker wire and known as the current coil, has one end connected 
to a battery terminal. The other end is led out to a hinged soft- 
iron armature, which passes across the top of the core and carries 
a contact on its free end. The opposite, or fixed, contact is con- 
nected to a dynamo terminal. A tension spring holds the contacts 
apart when no current is flowing in the coils. 

The action of the cut-out is as follows: When the dynamo is 
working a current flows through the voltage coil and magnetizes 
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the core. The magnetic pull attracts the armature, causing it to 
overcome the tension of the spring; thus the contacts close and 
allow the dynamo current to pass to the battery via the current coil. 
This increases the magnetic pull’on the armature, so that the contacts 
are firmly pressed together, thus providing a free path for the 
current. - 

So long as the dynamo is running at charging speed the contacts 
remain closed, but when the voltage falls below that of the battery, 
as when the dynamo begins to slow down, the current reverses, 
passing from the battery to the dynamo. Thus there are two 
Opposing currents acting on the cut-out windings, and their effect 
is to de-magnetize the core. This allows the armature to spring up 
so that the contacts open and stop the flow of current from the 
battery. 

The contact adjustment must be accurately set if the cut-out is to 
work properly. Generally, the contacts close when the current 
reaches about .5 amp. and open when a reverse current of similar 
value passes. 

Faults which can develop in a cut-out may consist of burnt-out 
windings, burnt or pitted contacts, or a sticking armature, due to the 
pull-off having weakened. 

Burnt contacts can be trimmed, by the use of a contact file, rubbed 
between them whilst the armature is pressed down gently. After 
trimming, it is necessary to see that the two points come together 
fully before the armature touches the cut-out core. Actually, with 
the points touching there should be a gap of .015 in. or so between 
the armature and the core. 

Before touching the cut-out contacts, the battery leads should be 
disconnected from the terminal posts ; merely turning the charging 
switch to “ Off” is not sufficient, as it breaks only the dynamo field 
circuit. 

A weakened pull-off spring is an unlikely fault, but one not easily 
rectified, except by fitting a new spring obtained from the makers, 
as it is very difficult to find the correct tension by experiment. 

In the case of burnt-out windings fit a new cut-out. 

Momentary sticking of the contacts can sometimes be overcome 
by jarring the casing; the fact that they have separated will be 
indicated by the needle of the ammeter returning to zero. 

It must be understood that a cut-out is simply a safety switch 
which connects the battery to the dynamo for charging purposes, 
but it does not disconnect it when a state of full charge is reached ; 
thus it is possible, in certain circumstances, to overcharge the 
battery. 

A battery can be maintained in perfect condition only when it 
receives a properly regulated charge, and this is a requirement 
which a dynamo of the third-brush type cannot fulfil, although 
intelligent use of the hand-controlled charging rate switch can do 
much to approach perfection. 
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Voltage Regulators 


There is, however, another type of dynamo which regulates the 
charging current more accurately. The dynamo is similar to a 
third-brush machine in external appearance, but it is wound 
differently and the third brush is omitted. There are, in fact, only 
the two main brushes—positive and negative. The output of the 
dynamo is controlled by a regulator unit which has combined with 
it a junction box and a fuse box. The regulator causes the dynamo 
to give an output which varies according to the state of charge of 
the battery. If the battery has been discharged, the dynamo gives 
a high output, so that a normal state of charge is reached ina minimum 
time. If, however, the battery be fully charged, the regulator cuts 
down the dynamo output so that only a trickle charge passes to 
the battery, just sufficient to keep it in good condition without risk 
of overcharging. 

In addition to controlling the rate of charge of the battery, the 
regulator provides for an increased dynamo output to balance the 
current taken by the lamps or other accessories whenever they are 
in use. 

There is no charging switch, as the apparatus is entirely automatic ; 
moreover, the lamps are always supplied with their rated voltages, 
and there is no risk of their being burnt out owing toa faulty battery 
connection. 

The voltage regulator consists of a cylindrical steel shell con- 
taining two windings through which passes a core or armature 
carried on a pair of guide springs. At each end of the core is a 
pair of contacts, one of which serves to insert a resistance in the 
field circuit, whilst the other pair short-circuits the field windings. 
The first pair of contacts is held closed by means of a spring when 
the regulator is not working. 

The windings consist of a voltage coil, connected directly across 
the dynamo terminals, and a current coil which carries the full 
current from the dynamo to the battery. When the dynamo voltage 
reaches a predetermined figure, the magnetic field set up by the 
voltage coil becomes sufficiently strong to attract the spring-mounted 
core. This causes the first set of contacts to open, thereby inserting 
the resistance in the field circuit. 


The resulting reduction in field current naturally lowers the 
dynamo voltage, and this, in turn, weakens the magnetic field set 
up by the voltage coil; thus the core is allowed to return to its 
original position where it closes the contacts and so allows the 
voltage to rise to the predetermined maximum. The cycle is then 
repeated, and so rapid are the changes that the core is set into 
vibration, the amplitude increasing with the speed of the dynamo 
above that at which the regulator comes into operation. 

When the vibration of the core is sufficiently high, the second pair 
of contacts comes into operation and short-circuits the field-winding 
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of the dynamo; thus the initial movement of the core inserts a 
resistance in the field-windings, whilst additional movement short- 
circuits the windings entirely. 

The current coil of the regulator provides a means for compensa- 
tion, as without it there would be a risk of overloading the dynamo 
when the battery is in a low state of charge. The winding assists 
thevoltage coil so that when the dynamo is delivering a heavy current 
into a discharged battery the regulator comes into operation at a 
somewhat reduced voltage and limits the dynamo output accordingly. 


Servicing the Dynamo 


Dynamos, whether of the voltage-regulator or third-brush type, 
require a little maintenance attention from time to time, and this is 
mostly in connection with the commutator and brush gear. 

After long service the 
commutator will become 
blackened on its surface and 
perhaps scored __ slightly, 
whilst the mica strips which 
insulate each of the com- 
mutator bars or segments 
may tend to project slightly 
above the general surface. 
These are conditions which 
lead to faulty working, as : : 
the projecting micas shown PROUD ; 
in Fig. 62 prevent the Fig. 62. When servicing the dynamo, 

projecting mica strips on the commutator 


brushes from making proper should be pared down carefully as shown 
contact with the commuta- above. 


tor bars, and this, whilst 
cutting down the output, will also lead to bad sparking, with con- 
sequent burning of the commutator and brushes. 

The mica strips can be cut down by careful manipulation of a 
suitable tool, such as a very fine hacksaw blade, but it is necessary, 
of course, to remove the armature from the dynamo casing in order 
to gain access to the commutator. Withdraw the brushes first and 
then unscrew the cover at the driving end of the machine and pull 
out the armature. Clamp it gently in a vice, the jaws of which are 
Protected by lead or fibre clamps. 

If a lathe is available, mount the armature between the centres 
and bolt a narrow parting tool sideways in the toolholder so that 
when the saddle is moved along the bed the tool will operate on the 
mica after the fashion of a planer. 

Only a slight undercut is necessary—that is to say, the mica 
strips should lie about 1/32 in. below the copper surface. The bottom 
of the cut should be square and not V-shaped. When the cutting 
is finished the surface of the commutator can be polished by use of 
very fine glasspaper. Emery cloth should never be used, as the 
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grains of emery may bed themselves into the commutator and cause 
rapid brush wear. 

If the armature is badly pitted or burnt, it may be necessary to 
skim it up in a lathe, but a very fine cut should be taken—only just 
sufficient to remove the pitting. Naturally, if this be necessary, 
it will be done before the micas are undercut. 

When the armature is refitted to the dynamo it will be necessary 
to bed-in the brushes on the new commutator surface. Their 
working faces should first be examined : if they are bright and with 
fairly clean-cut edges they will require very little attention, but 
chipping or pitting will indicate the need for re-surfacing. 

The best way to do this is 
to pass a strip of fine glass- 
Paper around the commu- 
tator with the cutting surface 
outwards, as in Fig. 63. 
Each brush in turn is then 
slipped into its holder, with 
the spring pressing on it, 
and the glasspaper pulled 
backwards and forwards 
around the radius of the 
commutator. This will cut 
the brush face to the correct 
curve, as the thickness of 
the glasspaper may be 
disregarded. 

CUTTING FACE s When all of the brushes 

: have been treated in this 

Fig. 63. Bedding-in the carbon brushes manner soft-haired brush 

with a strip of fine glasspaper. should be used to clear away 

all traces of carbon dust 

which might otherwise cling to the brush-holders and perhaps set 

up short-circuits. Another good way of clearing carbon dust is 

to use a tyre pump, moving the nozzle about inside the brush casing 
and pumping vigorously. 

The brushes must move freely in their holders, but no attempt 
should ever be made to increase the tension of the retaining springs, 
unless this be done in an emergency. Some makes of dynamo have 
three positions for the spring, each of which alters the tension and 
thus allows for maintaining a reasonably constant pressure as the 
brushes wear down. 

Experience is necessary, however, to know which tension should 
be used, and it may be said that, normally, the lightest pressure on 
the brush consistent with proper contact and absence of sparking 
should always be adopted, as excessive pressure leads to rapid brush 
wear. 
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The clamping screws which hold the brush leads and the field- 
winding connections must always be tight, and there should be no 
free strands of wire which might cause a short-circuit. Dynamo 
brushes are made of a special form of carbon, and when brush replace- 
ment is necessary the correct type for the particular machine must 
always be used. The hardness of the carbon varies according to 
the special requirements, and great harm can be done by using 
brushes of the wrong grade. 

The leads are secured to the brushes in various ways. If a lead 
should break: away from the brush, it can often be successfully 
re-connected by soldering. The method is first to copper-plate 
the upper half of the brush; this is done by making up a copper 
sulphate solution in a jam jar and suspending in it a small piece of 
sheet copper. 

Awire is twisted round the brush so that this also can be suspended 
in the solution. The ends of the two wires are connected to a 
small battery, the copper to the positive terminal and the brush to 
the negative. In a few minutes a layer of copper will be deposited 
on the carbon brush, which can then be removed and washed in 
clean water. When dry, the lead can be soldered to it, and will 
hold securely. 

The bearings of the armature are almost invariably of the ball 
type and require very little attention. It is important not to overdo 
the lubrication, as grease will certainly cause trouble if it gets on to 
the brush gear. In dynamos of more recent design, the bearings are 
packed with grease at the time of manufacture, and this supply is 
sufficient to last for a long time. 

Exposed terminals must be kept clean and tight. Never connect 
any additional lead directly to the dynamo terminals: a wrong 
connection can easily cause a short-circuit which may burn out the 
windings. 
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XVII 


STARTER MOTORS 


STARTER motor is similar to a dynamo in its general con- 
struction in that it has field windings, an armature, a commutator 
and brushes. There is a difference in the windings, however, as 
the fields are connected in series with the armature instead of 
being in shunt as in a dynamo, and there are usually four poles in a 
starter motor, whereas a dynamo now generally has only two. In 
order to cope with the very heavy starting current the brushes are 
usually duplicated so that there are two positives and two negatives. 
Also because of the heavy current involved, copper strip is com- 
monly used instead of wire for the windings of both the armature and 
the field magnets. The strip is, of course, insulated in much the 
same way as is the wire used in a dynamo, but the cross-section of 
copper is greater in relation to the space occupied by the insulation 
and thus a larger amount of conducting material can be built into 
a motor of given size. Much the same result could be obtained with 
large-gauge wire; but it would not be so easy to wind into shape. 

A series-wound motor has the property of exerting its maximum 
turning effort when starting from rest, and this is just what is 
required when a sluggish engine has to be rotated. As the speed of 
the motor rises its torque or turning effort is reduced, with corres- 
ponding reduction in current demand ; thus, whereas at the instant 
of closing the switch there may be a drain on the battery to the 
extent of, perhaps, 200 amps., the current will drop to, say, 30 
amps. within one second, and.the motor will continue to rotate the 
engine at a speed which depends upon bearing stiffness, oil viscosity 
and soon. Ifthe starter pinion engages with the flywheel, but does 
not rotate the engine, the battery will remain almost directly short- 
circuited. 

When the starter switch is closed the rush of current from the 
battery to the motor causes an appreciable voltage drop, so that a 
normal 12-volt battery may show only about 9 volts at the instant 
discharge. 

It is of the greatest importance to avoid reduction in voltage as 
much as possible, and for this reason, heavy cables and connections 
are used between the battery and the starter. Ample wiring is 
necessary also to avoid overheating and, incidentally, because so large 
an amount of current has to be dealt with, the ammeter is not con- 
nected to the starting circuit, as a very heavy type of meter would be 
necessary to carry the 200 amps. or so that might pass. 

Although the demand made upon the battery is high at the moment 
of closing the starter switch, the actual energy consumption is not 
really great. Assuming, for instance, that the battery is of 50 


STARTER MOTORS 105 


ampere/hr. capacity, and charged normally at 8 amps., the current 
used in one start could theoretically be replaced in about 8 secs. 

The energy consumption depends, of course, upon the stiffness of 
the engine, and it can be shown that 40 per cent. or so more current 
will be needed to start an engine from cold than when it has reached 
a running temperature of, say, 85 degrees C.; similarly, the speed 
at which the engine is rotated by the starter when hot will be con- 
siderably higher than when cold. 


Armature 


Brush Sprit 
igs Commufoter 


‘ iJ 
f " Field Magnet Pole 


—~ fieta ognet Winding 


Cover Band 
Fig. 64. General assembly of typical starter motor. 


Every effort should always be made to use the starter sparingly. 
This does not mean that the engine should be cranked by hand, 
because starting systems are designed for use under all conditions, 
and if the battery, starter and engine be in proper working order, 
there should be no need to crank by hand. 

If the engine does not fire within a second or two after pressing 
the starter button, it is a mistake to keep the starter engaged ; 
rather one should release the button and wait a few seconds, then 
try again. This gives the battery a chance to recover its voltage, 
whilst at the same time the. mixture drawn into the cylinders will 
have had a chance to vaporize under the effect of the slight warmth 
rhe ae by compressing the charges, even though they may not have 
ired. 

Naturally, conditions can arise where the starter is definitely 
unable to cope with the load imposed upon it. This may happen 
in extremely cold weather when thick or gummy oil is used in an 
engine having, perhaps, rather tight bearings or closely-fitting 
pistons. Z 

Considerable harm may be done to the battery and to the starter 
if the current be allowed to flow continuously while the engine 
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is only just turning over. This is a case where the handle must 
be used, either alone or in conjunction with the starter, in which 
event, of course, an assistant will be necessary to press the button 
or to crank the engine. 

From the actual power-output point of view, there is not much 
to choose between 6-volt and 12-volt systems, but, naturally, the 
current at 6 volts will be double that at 12 volts, and, other things 
being equal, the battery must have double the ampere-hour capacity, 
the cables must be heavier, and the brushes very carefully designed, 
because these always present a certain amount of difficulty in a 
starter motor owing to the heavy current which they must pass 
without causing any considerable voltage drop. It will be clear 
that a reduction of one volt in a 6-volt system is greater, propor- 
tionately, than it would be in a 12-volt system. 

Manufacturers have, however, dealt very satisfactorily with the 
brush problem, and by using special grades of carbon can ensure 
that the voltage drop with either 6 volts or 12 volts shall be a 
minimum. It is important, therefore, when fitting new brushes 
to use only the type recommended by the makers. To the uniniti- 
ated all brushes may look alike, but there can be very considerable 
differences in the materials of which they are made. 

The methods of cleaning the commutators and bedding-in brushes 
has already been described in the section dealing with dynamos. 
Exactly similar methods can be adopted with starter motors, but it 
is even more important that the brushes shall be bedded very 
carefully to the commutator and that the brush springs shall be 
properly set. 

As a rule, the springs exert rather greater pressure than in the 
case of a dynamo, but as the starter may overheat in use there ‘is a 
chance that the brush springs will lose their temper ; this, of course, 
will result in faulty contact with the commutator and consequent 
lack of power in the starter. 
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XVIII 
BATTERIES 


Poa ctEsIES of the type used to operate starter motors and also 


those used in farm generator sets, 
cells. They do not actually store electri 
through chemical change. | 
as lead-acid batteries, because the essential 
plates which are immersed in a sulphuric act 


the electrolyte). 

In the simplest form, 
two lead plates can be 
placed in a trough of 
electrolyte consisting 
of about 10 parts of 
water to one of 
sulphuric acid. If a 
current is then passed 
through from one 
plate to the other for 
some time, one of them 
will acquire a surface of 
dark brown peroxide 
of lead, but the other 


will remain as plain metallic lea 
and the latter the negative. 

As constructed for practical use, the plate 
Instead, a lead grid is filled with @ 


sheet. 


are known:as secondary 
city, but they produce it 
The batteries discussed here are known 
| constituents are lead 
d solution (often called 
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OXYGEN 


ELEGTROLYTE } 
Fig. 65. The simplest form of lead acid battery. 
ig. 65. 


d. The former is the positive plate 
; are not made of lead 
paste which, for the 
For the 
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negative plate, consists of lead in a specl@ xide. B 
positive plate the grid is filled with a paste ofileads pete 4 
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Fig. 66. The components of a single cell forming part of a 


starter battery. 
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using plates which are comparatively porous, the effective surface 
is largely increased, and thus a given size of plate is capable of storing 
a greater amount of energy. 

It has already been indicated that the storage capacity of a cell 
depends upon the size of the plates, and as a considerable capacity 
is needed for starting an engine, very large plates would be required. 
To avoid this, the large plate is, so to speak, divided into a suitable 
number of smaller ones, all joined together in a cluster with spaces 
between the individual pieces. Both positive and negative plates 
are treated in this way, and the two clusters are, as it were, inter- 
leaved. 

What has here been described as part of one big plate is referred 
to as a plate complete in itself. Each cell thus has a number of 
Positive plates and a number of negative plates sandwiched together 
so that each positive surface is faced by a negative one. In modern 
construction there is always one more negative plate than there are 
Positive. - 

If a negative and a 
CURRENT TAY positive plate were to 
touch inside the cell, 
the result would be 
much the same as a 
direct short circuit out- 
side the cell, and the 
cell itself would be 
ruined. To avoid this 
a sheet of some non- 
YNAMO conducting but porous 
WOOD SEPARATOR material is interposed 

Fig. 67. Positive and negative plate of single between every pair of 

cell, separated by sheet of insulating material. positive and negative 

surfaces, but where 
size is of no great importance these are omitted. The batteries 
used in many farm lighting sets contain no separators. ~ 

Although the number and size of plates in a cell does determine 
the storage capacity, the voltage of the cell is not affected at all 
by these factors. No matter what its size may be, a lead-acid cell 
in good condition and fully charged will show about 2.5 volts. If 
it is put into use, its voltage will fall fairly soon to about 2.3, and 
then much more slowly to 2.1 or 2 volts. Thereafter the drop is 
quit rapid, and at 1.9 volts the cell may be regarded for practical 
Purposes as completely discharged. 

These facts suggest a method of discovering whether or not a cell 
or battery is charged. In fact, however, the voltage is not a safe 
guide, even if a sufficiently accurate voltmeter be available. The 
reading can be affected to some extent by temperature and also by 
the amount of rest a cell has had before the voltage is read. Thus 
a cell which is almost ‘* dead,” but from which no current has been 
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drawn for some hours can show a quite misleading voltage for a 
short time before relapsing to something representing its true 
state. For these reasons, a safer guide to the state of charge or 
discharge is to be found in the density or specific gravity of the 
electrolyte. 

The voltage of a battery, then, depends primarily upon the number 
of cells in it, and, secondarily, upon the state of charge of those 
cells. The capacity, on the other hand, depends upon the number 
of plates in each cell, and their size. This quantity is quoted in 
terms of ‘“ampere-hours.” This means simply the number of 
amperes which a battery will deliver and the number of hours for 
which it will continue to do so. Thus a battery which will supply 
10 amps. for 5 hrs. would be a 50-amp./hr. battery, as also would 
be one that supplies 2 amps. for 25 hrs. 

In practice a slight complication occurs, for it happens that the 
capacity of a battery depends to some extent on the rate at which 
it is discharged. Broadly, it is true that for very low rates of dis- 
charge there is practically no change in the capacity. Thus a battery 
which could give 1 amp. for 50 hrs. would probably also give 2 amps. 
for 25 hrs., but it would almost certainly not give 10 amps. for 
5 hrs., and it could not maintain anything like 50 amps. for 1 hr., 
although all these various combinations are numerically equal to 
50 amp./hrs. For that.reason, the capacity of a-battery is always 
coupled with the discharge rate, as, for instance, ‘50 amp./hrs. 
at the 10-hr. rate,” which means that this battery when fully charged 
will deliver 50 amp./hrs. if discharged in 10 hrs. or more, but the 
same capacity must not be expected if the battery is discharged in 
less than 10 hrs. 

In normal batteries the capacity is some indication of the proper 
rate at which the battery should be charged, but even that is scarcely 
true for tractor batteries which have been developed to withstand 
discharge rates that would wreck many cells. This quality in them 
permits, also, of charging at a higher rate than would usually be safe. 

It is a mistake to charge always at a high rate. In this connection 
many drivers believe that use of the starter motor so drains the 
battery of current that continuous full-rate charging for a length 
period is necessary to make good the loss. This is a fallacy. 

If a quick start be obtained, the current used will be replaced by 
the dynamo in about half a minute, whilst, even if the starter has 
to be used several times before the engine fires, 5 mins. should be 
ample for replacing the used current. 

It has been stated that the elements of a charged battery are a 
surface of metallic lead on the one hand, a surface of lead peroxide 
on the other, and a dilute solution of sulphuric acid in between. 
During discharge and during charge a current flows through the 
acid, and therefore the water in it is electrolysed or split into its 
components, oxygen and hydrogen. While the cell is being dis- 
charged, the oxygen thus liberated appears at the lead surface, 
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where it first forms the simple oxide of lead, and this in turn is 
acted upon by the acid to form lead sulphate. This second reaction 
results also in the formation of water, which is, so to speak, a waste 
Product left over when part of the acid has been combined with 
the lead oxide. 

At the other plate which has a surface of lead peroxide (not to 
be confused with lead oxide), hydrogen appears. This reduces the 
lead peroxide to lead oxide by robbing it of part of its oxygen, 
which, when combined with the hydrogen, forms still more water. 
The lead oxide in this case, as in the other, is converted by the acid 
into lead sulphate, and a third addition of water occurs. Thus, 
when the cell is completely discharged, both surfaces consist of 
lead sulphate, on which the acid has no further action. Incidentally, 
the acid itself has been considerably weakened by the addition of 
water generated during discharge in the manner stated. 


Battery Charging 


Now consider the reverse process—charging. As stated, electro- 
lysis occurs again, but, because the direction of current flow is 
reversed, hydrogen instead of oxygen appears at the surface, which 
was originally metallic lead. There it combines with the sulphate 
to form sulphuric acid, leaving the lead free by itself again. At the 
other plate oxygen appears where there was hydrogen during 
discharge. This oxygen, together with some of the water from 
the acid solution, combines with the lead sulphate to form lead 
peroxide and sulphuric acid again. Thus the final state is the same 
as the original. 

Before starting this description of occurrences inside a cell it 
was remarked that to overcharge a battery may be harmful. From 
the description already given, it will be realized that when the cell 
is fully charged the electrolyzed oxygen and hydrogen can no longer 
combine with lead sulphate because there is none left on either 
plate. Both the oxygen and the hydrogen escape by bubbling up 
through the acid and passing out of the vent plug at the top of the 
cell. (If the cell has a glass or celluloid case, as many have for wireless 
use, for example, these bubbles can be seen plainly when charging 
is complete.) A result of this is that some of the water of the 
electrolyte is permanently lost, so that the solution becomes stronger 
and smaller in quantity. It is thus neither of the most desirable 
strength nor of sufficient depth to cover the plates completely. 

For this reason pure water must be added from time to time, 
so as to replace the water lost by electrolysis. Emphasis must be 
placed on the fact that water only and not acid is lost in this way. 
Therefore water only must be added, unless it is known that some 
of the electrolyte has actually been spilt or has leaked through some 
flaw in the-cell case. 

When the plates are discharged they are coated with lead sulphate. 
At the time of formation this compound is comparatively soft and 
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porous, and it can be attacked by the oxygen and hydrogen during 
re-charging. If allowed to stand, however, it hardens and becomes 
scarcely penetrable. Normal charging then is almost impossible 
and much trouble is needed to bring the cell back into a useful 
condition. In extreme cases this may even be quite impracticable, 
and a new battery or new plates will then be necessary. The 
trouble is known as sulphation, and the treatment for mildly sul- 
phated plates will be described later. 

The state of charge of a battery can be gauged by measuring the 
strength of the acid in it. During discharge, as has been seen, 
water is formed and is added to the acid, which thus becomes 
weaker, but during the charging process acid is formed and the 
original strength is restored. 

Sulphuric acid is considerably heavier than water (more than 
five times as heavy in its concentrated form), so even the dilute 
solution used in a cell has a density appreciably greater than that 
of water, and if it is diluted still more its density is reduced corres- 
pondingly. Ifa little electrolyte is drawn into an instrument known 
as a hydrometer, one may compare the weight of the fluid with that 
of pure water by a direct reading. 


Testing Electrolytic Density 


Differing battery makers have at. various times followed slightly 
different practices in the choice of electrolyte density. The correct 
figure should, therefore, be taken from the maker’s instruction 
book, if that is available. Generally, however, the density when a 
cell is completely charged 
should be between 1.25 and euBsEe 
1.3. (These figures mean a aw 
simply that the weight of, 
say, a pint or a cubic centi- 
metre of the liquid is 1.25 
times or 1.3timesthe weight —s¢ veasinc 
of the same volume of pure 
water.) When the cell is 
for practical purposes 
completely discharged, the 
density should have dropped 
to about 1.15. 

When using a hydrometer 


HYDROMETE 
Bu Q 


ELECTROLYTE 
“SAMPLE 


— 
SYQINGE 


a= NOZZLE 


Fig. 68. A hydrometer or calibrated 


there Is ‘one precaution ‘it is float is used to measure the density of 
wise to take. If distilled the electrolyte. For convenience it is 
water has recently been generally contained in a syringe with 


which a sample of the fluid can be 


added, and in certain other ann creeanehencall 


circumstances, the liquid may 


not be of equal strength 
throughout. To mix it up, the bulb should be released and squeezed 


firmly several times while its tube is still submerged. In this way 
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currents of liquid can be squirted through the cell so as to stir the 
electrolyte and ‘mix it thoroughly. 

If one or more of the cells shows considerable variation in specific 
gravity from the others, it is a sign that some fault has developed, 
and a proper examination by a service station is desirable. Some- 
times the necessary correction can be made by adjustment of the 
specific gravity of the electrolyte, but it may be necessary to remove 
the plates from the cell for examination and renewal as required. 

If a battery is allowed to stand for some time in a discharged, 
or even a partially discharged, state, the lead sulphate naturally 
formed on the surfaces of the plates will harden, and this will reduce 
the usefulness of the battery. Moreover, it will also increase the 
resistance inside the battery, and, if any attempt be made to recharge 
at a high rate, the result must be to heat the plates and possibly to 
buckle them. To cure 
the trouble, the battery 
must be re-charged very 
slowly, and it is probable 
that a single charge will 
not complete the cure. 
Therefore, after charging 
slowly, the battery should 
be discharged also at a 
slow rate. This sequence 
should be repeated several 
times. Even that treat- 
ment will be insufficient 
if sulphation has become 


Fig. 69. Common causes of battery failure at all bad. In such cases 
are indicated in the above diagram. the first step should be to 
empty the electrolyte 
from the battery and to refill with a very much weaker solution 
consisting of distilled water with only a trace of acid in it. 
Although no more than a suitable resistance is needed for battery 
charging when direct current is available, more elaborate apparatus 
is required to use alternating current. Despite this apparent 
disadvantage, A.C. is actually the better form of mains supply for 
the charging of batteries, at any rate on a small scale, because it uses 
less current. Suppose that it is desired to charge a 6-volt battery at 
2 amps., and that the mains voltage is 220, the supply being by direct 
current. Sufficient resistance must be inserted to bring the voltage 
across the battery terminals down to about 8 volts, but the required 
2 amps. must flow through the complete system, including the 
resistance, and thus the number of watts consumed is 220 volts 
multiplied by 2 amps., or 440 watts. Consequently, one Board of 
Trade unit would last for very little more than two hours. 
By contrast, if alternating current mains are available, the con- 
sumption will not be immensely greater than 8 volts multiplied by 
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2 amps. If one reckons that the efficiency of the apparatus is as 
low as 25 per cent., the consumption from the mains is still only 
64 watts, and therefore one B.O.T. unit would last for nearly 16 
hours. 

As we have seen, during charging the water in the electrolyte 
may be driven off, thus increasing density of the solution. The need 
for fairly frequent examination of the level of the electrolyte in the 
cells, therefore, becomes apparent and it is not carrying caution to 
excess to make the examination fortnightly. This is especially so 
in hot weather, or where the battery is mounted close to the 
engine, because natural evaporation due to heat is also to be 
considered. 

Wherever possible, distilled water should be used for making up 
the level. The normal correct level of the electrolyte may be taken 
as 4 in. above the tops of the plates ; the cells should never be filled 
so that the solution stands in the necks of the filling orifices, as 
this does not allow sufficient room for gassing or expansion. 

It is important to keep the top of a battery perfectly dry, as the 
Presence of moisture, especially if it be slightly acid, will set up 
terminal corrosion and may also permit current leakage between 
the cells. The stoppers of the filling orifice should always be 
screwed down tightly on their rubber gaskets and the terminals 
should be coated with petroleum jelly or with anti-corrosive grease. 

The actual terminal lugs and busbars will not corrode, as they are 
made of lead, but the connectors and their clamp bolts are some- 
times attacked by the acid. An effective and safe way of removing 
the corrosion is to soak the parts in a strong alkaline solution made 
by dissolving washing soda in warm water. 


Repairing Battery Casings 

Sometimes the top of a battery will crack and allow the escape of 
electrolyte, or, rather, of the vapour. As a general rule, it is 
advisable to return the battery to the makers for professional 
attention, but quite often a satisfactory repair can be made by 
first drying the top of the cell thoroughly and then melting together 
the edges of the crack by the application ofahotiron. Alternatively, 
the crack can be filed or scraped out to a V section, after which 
Chatterton’s Compound is melted into it. Care should be taken 
so far as possible to prevent the filings from falling through the crack 
into the cell. 
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xIX 


CLUTCHES 


A CLUTCH is a device for engaging and disengaging the power 
developed by an engine to a gearbox or to a shaft, etc. In 
some clutches arrangement is made for a gradual link-up, and in 
others the power is either being transmitted in full or it is not 
being transmitted at all. Clutches of the first type are fitted to 
cars, lorries and tractors, but the second type, which is known as 
the dog clutch, is generally used on small machines, although some- 
times both types are used, as they are on the Trusty. 


Cone Clutch 


The gradual-type clutch may be operated by either a pedal or a 
lever, or it may be controlled by centrifugal force. In the gradual- 
engagement clutch it is possible for one shaft to be revolving rapidly 
while the other is either stationary or turning at a lower speed. 
As the clutch engages, the speed of the two shafts becomes equal 
so that when the clutch is fully engaged, both shafts revolve as one. 


(b) 


Catch withdrawal 
fork 


(a) 
Friction hitting : 
efen Shows diving members 
m shows dxiVEA members 
Fig. 70. 

These clutches depend upon the friction between two or more 
surfaces, and the earliest form of this clutch was known as the cone, 
see Fig. 70. The portion marked (a) is driven by the engine, and is 
usually the flywheel with a machined recess. Part (b) is tapered 
as shown, the tapered portion being covered with leather or with 
a woven fabric of the Ferodo type. The part (b) is usually splined 
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internally so that it slides along its shaft. A powerful spring normally 
presses the two parts closely together, disengagement being effected 
by pressing a pedal and contracting the spring. 


Plate Clutch 


Modern clutches, however, are generally of the plate type, a 
simple example of which is shown in Fig. 71. “A” represents the 
flywheel, which is bolted to the engine crankshaft. Screwed into 
this are a number of bolts ‘“B.’”’ Sliding on these bolts is a thick 
plate C, which revolves with the flywheel, although it can take up 
Position either close to or a few inches away from the flywheel face. 

Interposed between these 
two plates is another plate 
D, which is splined ona shaft 
connecting to the gearbox. 
Both sides of this plate have 
a friction disc riveted to 
them. The clutch is oper- 
ated by pressing the plate C 
towards the flywheel so that 
it binds onto plate D and 
Pushes it into contact with Fig. 71. A simple type of plate clutch. 
the flywheel face. There 
are thus two areas of friction, that between the flywheel and plate 
D, and that between the other side of D and the plate C. Springs 
hold the clutch plates tightly together, and a pedal mechanism 
enables the plates to be separated and the drive disengaged. 


Servicing a Borg and Beck Clutch 


Fig. 72 is a sectional drawing of a Borg and Beck single-plate 
clutch which is essentially the same in principle as that described 
above, and as this make of clutch is fitted to so many different types 
of vehicles and tractors, some information on servicing it will be 
useful. 

The only maintenance required by the clutch is the periodical 
greasing of the withdrawal bearing and adjustments described 
below. To adjust the clutch travel pedal, release the lock-nut on 
the pedal rod and tighten the adjusting nut until the pedal is in its 
original position, which is usually when there is 1 in. of free play 
in the pedal before it starts to take up the strain of operating the 
clutch. Different manufacturers have their own methods of 
measuring this amount of free play—for instance, in the David 
Brown tractor it is ‘‘ when the front edge of the pedal is approxi- 
mately 3 ins. behind the corner of the trough of the main frame 
and all free movement is taken up.” 

On the Fordson Major the instructions are : ‘‘ Remove the cotter- 
pin from the clevis-pin, loosen the lock-nut, and then pull out the 
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pin, which will enable the clevis to be freed from the balance lever. 
Screwing the clevis further on to the rod will reduce free movement. 
When approximately + in. free movement exists, fit a new cotter- 
pin in the clevis-pin and re-tighten the lock-nut.”” The main thing 
to remember is that unless there is a certain amount of free pedal 
movement there is a likelihood of the clutch not bedding properly, 
resulting in slip and the generation of considerable heat. 


HARDENED PLATE 


PRESSURE PLATE 


FABRIC LININGS 


CLUTCH DISC 
WITHDRAWAL 


x 
FLYWHEEL ry resiee PLATE 


Fig. 72. Borg and Beck single plate clutch as 
fitted to the David Brown tractor. 


With regard to clutch dismantling, here again there will be slight 
differences, even though the same make of clutch is fitted, but here 
are the instructions for dismantling the clutch on the David Brown 
tractor (the clutch is a Borg and Beck). 

First mark with a punch the three adjusting nuts to their respective 
eyebolts, then remove the split pins. Place the unit on the bed of 
a drill press, with a block under the pressure plate, so leaving the 
cover free to move downwards. 

Place a block square across the face of the cover and under the 
spindle of the press and then compress the cover and hold it in 
this position while the adjusting nuts are removed. Then slowly 
release the pressure to prevent the springs flying out. Lift off the 
cover, when all parts will be available for inspection. To remove 
the toggle levers, hold each lever and eyebolt between the thumb 
and finger, so that the inner end of the lever and the threaded 
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portion of the eyebolt are held together, keeping the eyebolt 
seated in the socket in the lever. Lift the strut over and away from 
the end of the lever, when the lever and eyebolt can be removed. 
Assembling is the reverse of dismantling, but before assembling 
the levers, smear the eyebolt pin and strut seatings with a thin coat 
of high-melting-point grease, and position the centre plate so that 
the flange of the hub is toward the rear. Satisfactory operation 
of this type of clutch is absolutely dependent upon accurate adjust- 
ment of the levers so that the pressure plate is parallel to the flywheel 
face. When renewing levers, struts, eyebolts or pressure plate, 
it is advisable always to assemble with new eyebolts and adjusting 
nuts and to use a setting gauge (this is obtainable from the manu- 
facturers of the tractor) for obtaining the correct adjustment. 


Centrifugal Clutches 


Centrifugal clutches are simple to service, and the mechanic will 
soon see when he takes one apart how it should be assembled and 
what parts require lubrication. 


Dog Clutches 


With regard to dog clutches, one of these is fitted to the Trusty 
tractor—which, incidentally, has also a centrifugal clutch as well. 

As the engine speeds 
up the centrifugal clutch 
engages and drives a lay- 
shaft on which there are 
two chain sprockets with 
chains to the rear-wheel 
shaft. Two long levers 
operate the dog clutches. 
The component parts of 
a dog clutch are two 
collars, one male and the 
other female, the former 
having one or more pro- 
jections on one face of ; 5 usually fitted for 
the collar, and the female pees te auton on ete 
having two correspond- : 
ing cavities as shown in Fig. 73. It will be clear that when the 
two parts are disengaged, no power is transmitted from one to 
the other, but when the parts are in mesh, the full power is con- 
veyed from the driving to the driven member. Because of this 
construction, dog clutches should not be operated unless both 
halves are stationary. Dog clutches are usually fitted for reversing 
the gear train on chaff cutters. 
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FRONT AXLES AND STEERING 


1 majority of tractor front axles are quite simple, consisting 
of the axle itself, which is prevented from forward or backward 
movement by a radius rod ; stub axles, which carry the wheels and 
bearings ; bushed spindles on which the stub axles pivot, and the 
control shafts. Steering control is through two steering arms, one 
controlling each spindle, each being connected to a spindle, and 
attached at the other end to a tie-bar. The nearside spindle has 
also an additional arm which is connected via a drag link to the 
steering-box and steering-wheel.. 

The Fordson Major steering arrangement is a typical example, 
and the accompanying illustration (Fig. 74) shows the various parts. 
In row-crop tractors there is a double axle, the second being in 
two parts, each of which may be moved in or out as required. 


Fig. 74. Steering arrangement on Fordson major tractor. 


Steering gear is generally based on the Ackerman principle, which 
permits the inner wheel on a turn to run through a smaller arc 
than the outer. This is not, perhaps, so necessary in a comparatively 
slow-moving vehicle, equipped with steel wheels and confined to 
work on farmland, but for road work, particularly where rubber 
tyres are used, it is essential that the wheels be arranged as described 
above. 
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Toe-in Adjustment 


On most tractors the front wheels must point slightly inwards 
when the wheels are set to drive straight ahead. The actual amount 
varies a little according to the make, but it lies between 4 in. and 
3/16 in. Anything between these two amounts would be good 
enough as a temporary adjustment, but it is recommended that the 
figure given by the manufacturer be kept to, particularly for road 
work. 

This difference is known as toe-in, and it is the difference in width 
between the front and back of the front wheels. A simple gauge 
for checking toe-in can be constructed from iron tubing, and it 
should preferably be in the lines of the drawing (see Fig. 75). 


Fig. 75. A home-made gauge for checking toe-in of front wheels. 


Each of the uprights carries inside it a smaller tube or a solid bar, 
and the height of this bar should be adjustable if more than one 
make of tractor is used or if steel and rubber tyres are available. 
One of the uprights is fixed to the horizontal bar, but the other 
should be adjustable. Adjustable pointers will enable accurate 
measurement, or rather comparison, to be made. To use the tool, 
run the tractor on to a level floor and set the wheels straight 
ahead. Slide the tool under the engine and adjust it so that the two 
pointers are at axle centre height, and that they both lightly touch 
the rim of the wheel or the wall of the rubber tyre. Without 
altering this adjustment, remove the tool and place it in front of the 
axle and note the difference between the two wheels. There 
should be a gap equal to the recommended toe-in. Adjustment 
varies a little according to the make of the tractor, but generally it 
is a matter of releasing the clamp bolts on the track-rod ball joints 
and turning the rod in the desired direction to lengthen or shorten 
the rod. Shortening the rod decreases the amount of toe-in. 
Always tighten the clamp bolts securely after the adjustment has 
been made. 
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Steering on Tracklayers 


Tractors such as the Caterpillar, Fowler F.D., the Bristol and 
the Ransomes cultivator are steered by brakes, and it is essential 
that the correct adjustment be maintained. On the D.8, start by 
removing the inspection plate on the top of the transmission housing, 
then loosen the locknut on the clamp bolt, and turn the adjusting 
screw in towards the centre of the tractor to obtain the correct 
clearance on the steering control rods. The adjustment must be 
kept at a point that will allow 3 ins. of free play at the top of the 
steering clutch control levers. This applies to all Caterpillar 
tractors. 

When all adjustment is taken up on the top of the steering yoke, 
the position of the yoke itself can be changed to allow for further 
adjustment. Underneath the tractor and directly below the steer- 
ing clutch yoke is a nut which locks the yoke equalizer bar in position. 
Loosen this nut and slide the bar towards the outside of the tractor 
by pulling inwards on the upper end of the yoke. Move the equalizer 
bar enough to allow full adjustment of the screw at the top end of 
the release yoke. Tighten the lock-nut underneath and adjust the 
screw at the top of the yoke as was described in the last paragraph. 

On the latest model D8 there is a compensating spring, or booster 
spring, to assist the steering-clutch control movement. To adjust 
the control, hold the control lever forward after slackening off the 
locknut and tighten the adjusting nut up with the fingers to the 
control arm, then back off four turns and holding the nut in this 
position, tighten up the locknut. The booster springs need adjust- 
ment when the control lever sticks in an upright position. Remove 
the inspection plate on the top of the transmission case (right hand 
cover for left-hand control, and vice versa), slacken the lock-nut 
and, with the control lever in the upright position, tighten the 
adjusting nut by screwing towards the back of the tractor until the 
lever moves forward. Give an extra half turn on the nut, hold it 
there, and tighten the lock-nut. The cross springs need adjusting 
when the control levers do not remain forward when released. 
To adjust, slacken the lock-nut which is located on the side of the 
transmission and under the seat, and tighten the adjusting nut. 
Test the control lever by pulling back and releasing it repeatedly. 
When the lever remains forward correctly when released, the 
adjustment is correct. Whilst holding the adjusting nut in position, 
tighten the lock-nut. 


D7 and D6 Caterpillar Tractors 


These have hydraulic steering. The control lever adjustment is 
done in the same manner as that described above, but the inspection 
cover is at the rear of the steering clutch case. 

If at any time the steering clutches fail to re-engage properly, it 
is most likely that dirt or some object is lodged between the base 
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of the control lever and the rubber bumper which is holding open 
the hydraulic control mechanism. Removing the obstruction 
should correct the difficulty. As the steering clutches become 
worn in service sufficiently to prevent restoring proper control 
adjustment, it is advisable to consult the Caterpillar tractor supplier. 


D2 and D4 Caterpillar Tractors 


The adjustment of the steering clutch controls is accomplished 
by means of lock-nuts and adjusting screws at the top end of the 
yoke, as already described on the larger machines. The inspection 
covers for this adjustment are on the top of the transmission case. 


Bristol Tractor 


Steering is accomplished by applying a brake in the form of a 
friction disc and after considerable wear it is necessary to renew 
the discs. To do this, first remove the petrol tank, and then take 
off the two nuts holding the cover on the outer face of the top 
steering bracket. These nuts are clearly seen marked B in Fig. 76. 
After removing the cover, take care not to pull the shaft and pinion 
out with it. Next remove the steering lever. On each end of the 
centre coupling rod the steering pressure plates are secured in 
position by locking nuts, one being right-hand thread and the other 


Fig. 76. Steering discs on Bristol tractor. 
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left-hand. Turn each nut anti-clockwise to the full extent of its 
travel, then by means of a spanner on the hexa-centre part of the 
coupling-rod, turn it anti-clockwise as far as possible. The pressure 
plates are in‘this way drawn inwards, and if the pinion is drawn out 
about 4 in. there should be enough clearance to enable the disc 
to be drawn off the spline shaft and lifted out. It is important not 
to use force in drawing the pinion out beyond the point where a 
resistance is felt, as this will disturb the oil seal and oil thrower ring. 

After the replacement discs have been inserted, adjust the coupling- 
rod until the pressure plates are just clear of the discs. The disc 
assembly should slide freely on the splines, but the discs should 
not rub. Then push the pinion back into full mesh and replace the 
end cap. When fitting the steering lever make certain that the 
clamp bracket permits equal and ample leverage for each individual 
application of the steering lever, either right or left. 


Fowler F.D.3 Tractor 
The steerage brakes fitted to the Fowler are of the contracting- 
band type, and to ensure sufficient clearance, a free pedal travel of 
2 ins. is desirable. To adjust 
the brakes, remove the in- 
spection cover D on the side 
requiring attention (see Fig. 
77) and set by means of the 
adjuster E. To tighten the 
brake, turn the adjuster ina 
clockwise direction. Sup- 
porting screws are provided 
to prevent the brake band 
from bearing on the drum by 
: its own weight. These 
Fig. 77. Steering brake adjustment on screws are shown at F and 
Fowler F.D.3 tracklayer. G in the illustration, and 
they should be set to 
support the band ina central position. Do not overtighten them, 
as the band will be forced against the drum, causing binding 
and overheating. 
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XXII 


GEARBOXES AND REAR AXLES 


Tue transmission of power from a tractor engine to the rear 
wheels follows in its general principles the method used in the 
car and lorry. But because a tractor is designed for drawbar pull 
rather than speed, the gearbox parts are much more robust, and 
extra reduction gears are fitted. There is no carden shaft and no 
universal joints, for being a short-wheelbase vehicle, and having 
no axle springs, the final-drive mechanism, which includes the 
differential gear, is coupled direct to the gearbox. 

The efficiency, in terms of power output, of an internal-combus- 
tion engine depends upon the maintenance of a good crankshaft 
speed, no matter what the r.p.m. of the rear wheels may be. Thus, 
when heavy loads have to be pulled, the only way to keep up the 
engine speed is to use gears, the ratio depending upon the resistance 
offered by the load. The gearbox is, in fact, merely a system of 


leverages, each gear change being equivalent to a longer or a shorter 
lever. 


The Gearbox 


The gearbox usually consists of a strong metal case or frame, the 
ends of which house the bearings for the gearwheel shafts. Means 
are provided for changing from one set of gears to the other, and, 
of course, there is a position (neutral) in which the engine power is 
not transmitted to the rear axle. 

Tractor gearboxes vary considerably in design, and, in fact, no 
two are exactly alike. Because of this it is not possible to give 
detailed instructions as to dismantling. The mechanic who does 
undertake the task should endeavour to get as much information as 
possible from the tractor manufacturer, although in some cases he 
will merely be advised to send the unit to one of the firm’s agents. 

However, the best advice that can be offered him is to start by 
cleaning the box both externally and internally (it being assumed 
that the unit has been removed from the tractor) and then studying 
it carefully. With the cover off, one can soon trace the various 
gears, and if it is necessary to replace one of the wheels or a shaft, 
making a few sketches helps when re-assembling. 

The majority of gear assemblies comprise a shaft drive from the 
engine, and carry on the rear end of the shaft a gear which is always 
in mesh with another and larger gear which is firmly attached to 
another shaft as in the following illustration (Fig. 78). 

(A) Is the drive from the engine ; (B) the main drive gear ; (C) the 
layshaft (constant-mesh) gear; (D) the layshaft. At (E) it will be 
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noticed that there is a dog clutch, so that the shaft (F) can be driven 
direct by (A) if desired, although not all gearboxes have this clutch. 

Both the shafts (F) and (D) are splined so that gears may slide along 
them, and it is, of course, the engagement of the various gearwheels 
which gives the necessary reductions. 


Fig. 78. Simple gearbox assembly. 


Fig. 79 shows the various gear positions on a Fordson tractor, 
from which it will be seen that in low, high and reverse gears the 
drive is via the constant-mesh layshaft gear, and then through 
whichever gears give the correct reduction. In the intermediate 
gear, however, the dog clutch (E) in Fig. 78 is engaged so that the 
drive is taken direct by the shaft (F). The small gear at the rear 
end of this shaft engages with a larger one on the layshaft, and it is 
this shaft which is extended and provided with a worm gear that 
turns the worm wheel and the rear axle, as shown in the complete 
transmission. In this tractor access to the gearbox is obtained by 
separating the drive casing from the crankcase. 

As has been said, no two makes of tractor gearbox are exactly 
alike, but nevertheless, the principles remain the same. The scope 
of the repair work that may be done even on the farm is practically 
unlimited, for it can include the fitting of any new part. The com- 
ponents of a tractor gearbox are, however, exceptionally strong and 
it is likely that the only work necessary will be fitting replacements 
and seeing that there is no undue play in the bearings. 

In the absence of manufacturer’s instructions, proceed slowly and 
do not attempt to force things. For instance, if two machined faces 
have to be separated, avoid inserting a wedge until you know for 
sure that the parts are free to come apart. Remove collars, ball 
bearings and plain bearings with a puller or a press, for these 
appliances are designed to distribute the strain and not concentrate 
it in one spot as does many an improvised tool. It must also be 
remembered that left-hand threads are not unknown, although 
generally a few minutes’ thought concerning the type and direction 
of the strain will solve the problem of nut-turning. 
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Fig. 79. Gear train on Fordson Major tractor. 
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In normal times there is:no difficulty in procuring replacement 
parts, but to-day long delays are likely. The mechanic should, 
therefore, use his ingenuity to effect repairs by any means that 
appear to be sound and reasonable. 


Rear Axles and Final Drives 
Tractor rear axles, too, serve the same purpose as those in cars, 
and their construction broadly follows the same principle. The 
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Fig. 80. Reduction drive on 
David Brown tractor. 


rotating effect of the engine has to be communicated to wheels 
which run at right angles to the axis of the engine, and bevel gearing 
is generally used to alter the direction of the power. At the same 
time there is a reduction in the axle speed as compared with that 
of the gearbox shaft, and a further reduction is made at the axle ends 
as shown in the diagram of the David Brown rear axle in Fig. 80. 

Provision has to be made to enable the wheels to revolve at 
different speeds when the tractor is making a turn, and the practice 
is to use a device known as a differential gear. It is sometimes 
difficult to understand how this gear works, for it continues to apply 
power to two wheels, one of which may be revolving very slowly 
and the other much faster. Each wheel is actually on a separate axle. 

On the inner end of each shaft is a bevel wheel, and each engages 
with two other bevels (a) and (b) (Fig. 81) mounted on projections 
attached to the crown wheel. The crown wheel is driven by a 
pinion which is rotated by the engine. (a) and (b) are free to rotate 
in their bearings, and of course, travel round with the crown wheel, 
but they do not revolve on their own axis. 
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When the axle bevels are engaged with (a) and (b) and the crown 
wheel is revolved, the whole assembly moves round as if it were a 
solid mass and there were only one axle, but when a resistance is 


BF axle shaft 
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FuUuon ANLING. 
crown wheel 


Fig. 81. Assembly of differential gear. 


offered to one of the shafts, such as when the machine is turning a 
corner, the bevel pinions (a) and (b) rotate in their bearings, so 
that although the whole mass still rotates and drives the tractor 
along, one rear wheel is actually being turned faster than the other, 
the amount depending upon the resistance. The resistance, of 
course, varies with the sharpness of the turn. 


Bult Pulley (IOIRPM) 


Final reduction gear 
Pcl shaft : 
Fig. 82. Detail of drive—Farmall H. 


As has been stated, not all tractor gearboxes and final drives are 
the same. In the Farmall H, for example, the final reduction gears 
are incorporated in the same unit as the gearbox, as will be seen in 
Fig. 82. These wheels are of the spur type, but in other tractors 
sprockets and chains are used. 
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TRACTOR BRAKES 


HERE are various braking systems adopted on tractors, these 
being :— 

(a) Transmission brake. 

(b) Brakes on ends of a reduction shaft. 

(c) Brakes on the rear wheels. 

A transmission brake applies the retarding effort to a gearbox- 
shaft, the one brake giving equal retardation to both rear wheels. 
On the Fordson Major the brake is on the same shaft as the reverse 
idler gear, and consists of a number of steel plates, alternate ones 
being fixed and the others revolving with the idler shaft. When 
the brake is applied, both sets of plates are pressed tightly together. 
Not all transmission brakes are of the multiple-plate type, however, 
for some consist of a drum and a pair of fabric-covered shoes, which 
close on to the drum when the mechanism is operated. 

Brakes on reduction-gear shafts may also be of this type, although 
some have shoes inside the drum, braking being effected by expanding 
the shoes as in most cars. Rear wheel brakes are generally internally 
expanding also. 

It is now common practice to have independently operated 
brakes on the rear wheels of tractors—particularly those designed 
specially for row-crop work—for the brakes assist in turning on 
headlands. An interlocking trigger is often fitted so that when the 
machine is used on the road, pressure on one pedal only is necessary 
to put the brake on both wheels. One exception to this is the 
John Deere tractor, for here both pedals have to be depressed an 
equal amount if the tractor is to be brought to a stop without 
swerving. 

In any event, it is highly desirable that each brake be adjusted to 
the same degree, as swerving is dangerous. Tractor manufacturers 
issue instructions about the adjustment of brakes on the machines 
they make, and as no two are the same, we cannot give them here. 
The main point is to see that all the pivots are Properly lubricated 
and that the wheels are free when the pedal pressure is removed. 
In general, however, the method of equalizing brakes is to jack up 
both rear wheels of the tractor and then to apply a slight pressure 
to the pedal—just enough to put the brakes on a little. It will 
then be possible to compare the degree of resistance offered by 
each brake by turning the wheels by hand. It should be understood, 
however, that although a pair of brakes may be adjusted to give 
equal retarding effect at a light pedal pressure, it does not follow 
that they will be equal when the pedal is pushed right down. In 
view of this, readers are advised to have the brakes tested by an 
experienced man when the machine is to be used on the roads. 
Many garages have testing machines for this purpose. 
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TYRES 


Rees tyres consist of a casing made of cotton or other fabric 
covered externally with rubber. It is the fabric which provides 
the strength, and the rubber which protects the fabric and resists 
abrasion, weather, etc. The cover is held to its true shape by means 
of a rubber inner tube, and it is this which provides the necessary 
cushion to absorb shock. : 
As far as the mechanic is concerned, his work on tyres is generally 
confined to repairing punctured tubes, although he can lessen this 
by seeing that tyres are maintained at the correct pressure and 
that flints and stones are periodically removed from the tread rubber. 


Danger of Under-inflation 


A tyre that is under-inflated develops cracks all round the casing 
at.a point midway between the tread and the bead, and although 
this cracking is not visible from the outside, it: will, if allowed to 
continue, mean a burst cover which cannot be repaired. Too low 
an air pressure will also cause the cover to creep round the rim, 
and this frequently tears out the valve stem. On the other hand, 
over-inflation reduces traction and causes wheelspin under certain 
conditions. 

The recommiended pressures for front tyres depend upon the 
number of plies of fabric in the casing, for the greater the number 
of layers the stiffer the cover, so that it should be run at a higher 
pressure in order to prevent the same trouble as is caused by under- 
inflation. For four-ply covers, inflate to 28 Ib. per sq. in., but for 
six-ply covers increase the pressure to 36 Ib. 

Tractor rear tyres are generally run at 12-lb. pressure, except 
for ploughing, when the tyre running in the furrow should be at 
16 Ib. The pressure should be still further increased when the 
tractor is used for road work. 

When a cover—or any other rubber article for that matter—is 
manufactured, it is shaped in a soft, plastic rubber compound which 
has no tensile strength, wearing quality or elasticity. All these 
characteristics result from a process known as vulcanizing, or 
“curing,” which is merely the application of controlled heat for a 
given period whilst the articles are held in a mould. 


Methods of Tyre Repair 
The same method has been used for many years by tyre-repair 
specialists, and in some garages, but vulcanizing is quite simple, 
and can be done in the field or in the farm workshop at very little 
cost. Patching has, of course, been customary for many years, 
and although it is moderately satisfactory with tyres made of natural 
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rubber, it is not recommended for synthetic covers or tubes because 
this material does not adhere firmly to ordinary rubber solution. 
There has recently been Put on the market a small self-contained 
vulcanizing outfit which will repair tubes just as efficiently as the most 
expensive plant. The same materials and the same methods are 
used as in the rubber factory, the only difference being that individual 
heating units take the place of electricity. The outfit consists 
of a supply of vulcanizing Compound (for use both on natural and 
synthetic rubber), heat units, buffing brush, vulcanizing flux, and a 
simple press which clamps the tube and compound tightly together 


during the curing process. A vulcanized repair takes very little 
longer than patching. 


Fig. 83a shows the 
“ Autotherm ” press, and 
83b two views of a heater 
unit. One of the illustra- 
tions shows the heater the 
right side up, and the 
special heating compound 


Fig. 83b. (Left) Top view of heater unit 


: f i in its metal tray, and the 

howing the compound. (Right) Underside | , 
ew Bowing compound protected by a piece other shows the 
of glazed linen. underside with a piece 


of compound adhering 
to_it. The compound is protected by a piece of glazed linen. 
To repair a nail hole or a small cut in a tube, an area surrounding 
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the injury is roughened with the wire brush just as in patching, 
although in this case the roughening is a little coarser. The surface 
thus treated is then given two coats of vulcanizing flux, each being 
permitted to dry. Vulcanizing flux is merely vulcanizing compound 
thinned out so as to penetrate every crevice of the roughened tube. 
A heater unit is then taken and the linen cover stripped off the 
compound, which is then (with the container) placed centrally 
over the injury and clamped in the machine. 

The heater composition is ignited by placing on it a strip of 
“ignitor paper ’—supplied with each heater—and lighting it with a 
match or a cigarette. The composition does not flame, but burns 
and generates heat to a temperature of 300° F. This heat softens the 
compound, which is forced into the roughened surfaces, and which 
later becomes welded to it. In five minutes or so the tube is removed 
and the repair is complete. The same process is used for synthetic 
rubber tyres, and in each case a permanent repair is assured. 


Although the compound supplied with the appliance is cut to 
shape, it need not be used exactly like this. When, for example, a 
tube has received a cut or has been nipped when being replaced, 
the slit is likely to extend if patching is resorted to. To vulcanize 
this type of injury, first cut out the ends of the slit, using a sharp 
knife or a pair of scissors. Unless this is done the compound cannot 
get right into the ends and seal them firmly. Sometimes this is 
all that is needed, and the repair from then on is exactly as described 
above. Where, however, the slit is a long one, it is usual not only to 
cut the ends out, but also to bevel the sides of the slit, thus forming 
a V-shaped cavity all along the injury. 

The wire brush is then used to roughen the bevel, and after the 
flux has been applied; a piece of compound (a quantity is supplied 
for the purpose) is pressed into the cavity until it is a shade above 
the level of the rest of the tube. If the tube is of natural rubber, 
the compound attached to the heater can be removed and the heater 
used to cure as already described, but for synthetics, the extra 
compound patch is applied over the filling. In this case it is, of 
course, necessary to buff the tube to accommodate it. 


It frequently happens that an injury is longer than the heater unit, 
and in this case one would cure it piece by piece, allowing a small 
overlap to compensate for the reduced heat at the edges of the metal 
tray. Handled in this way, there is scarcely a limit to the length of 
the repair which can be done. It is even possible to completely 
rejoin a tube, although the process is likely to be long and one 
needing patience. 


The machine described will not re-seat tyre valves, but the same 
firm make an electric appliance that will do this. The electric 
machine will repair longer injuries at one curing than will the 
« Autotherm,” and it is an ideal tool for the farm with a mains 
electricity supply available. 
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Water Ballasting 


Tractor tyres are frequently filled with water to give additional 
wheel weight and prevent wheel slip. It is necessary to render the 
filling non-freezing, and the most commonly used mixture is water 
and calcium chloride. 


A solution of 24 Ib. of 
commercial calcium chloride 
should be dissolved in each 
gallon of water. This mix- 
ture will form a slush at 10° 
above zero, but will not 
freeze solid at 20° below 
zero, and gives protection 
against 15° of frost. 

The solution should never 
be mixed in the tyre, and 
the chloride should be 
sprinkled slowly on the 


water. On no account 
should water be poured on 
the chloride. 


Whenthe calcium chloride 
has dissolved, about 1 Ib. of 
slaked lime per 100 Ib. of 


Fig. 84. Water ballasting tractor ty calciumychloride: should)’ be 

. . res . . 

with an ordinary stirrup pump and special slowly stirred in, to neutral- 
Schrader adaptor. izeacidity. When sufficient 


F lime has been added effer- 
vescence will cease. As soon as the liquid has cooled it may be 
pumped into the tyre with an ordinary stirrup pump, using a 
special adaptor obtainable for a few shillings from any of the leading 
tyre manufacturers. 

The following table gives the quantities required for most sizes of 
tractor tyres :— 


Size of tyre Water Calcium chloride 
ins. galls. 5 

11.25 by 28... ath Re 28 ses tae 20) 

11.25 by 24... a Rohe t2 Dr ety -- 624 

Om eby:28e9 2. = rome 20) deer sre 550) 

Oo by.28, .. sts ot MZ a .- 424 

Samabyi24,) 22 a S18 Sul O MNS 1 324 


To part-fill the tyre, jack up the wheel and turn the valve 
tothe top. Block the wheel to prevent it turning. Remove the 
valve core, allowing the air to escape, and replace the core with 
special adaptor. Connect the hose and commence to pump in 
the solution, releasing the air from the tube from time to time 
by pressing the knob in the special adaptor. Stop filling when 
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the liquid can no longer be heard entering the tube—i-e., 

when the water has reached the level of the valve and the tube 

is three-quarters full. Remove the adaptor and replace with 

the normal valve core. Inflate the tube to about 30 Ib. pressure 

to ensure that the tyre beads are re-seated in the rim. Reduce 

the pressure to 2 Ib. per square inch above the normal working 

pressure to allow for the added weight. Be sure to wipe off 

. all solution from the metal part of the wheel to avoid corrosion. 

The solution is not dangerous, but may attack clothing or cause 

skin irritation. The remedy is to wash the skin with plenty of 
clean water. 
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TRACTOR HYDRAULIC SYSTEMS 


A TRACTOR hydraulic system consists essentially of a pump to 
provide oil under pressure, a piston, or ram, on which the oil 
pressure acts so as to lift the implement, and a control mechanism. 
The details of pump, controls and ram vary a good deal on different 
tractors, but any particular system can be readily understood once 
the principles have been’ grasped. 


Fig. 85. Illustrating the fundamental 
principle of an hydraulic lifting system. 


The fundamental principle—that the pressure is the same through- 
out a system containing fluid—is illustrated diagrammatically in 
Fig. 85. This shows a ;-in. diameter cylinder connected to a 2-in. 
diameter cylinder, and, since the area of the latter is 64 times that 
of the former, it follows that a weight of 1 Ib. on the small piston 
will support a 64-Ib. weight on the large one. The pressure of the 
liquid is obtained by dividing the weight on one or other of the 
pistons by the area of the piston : it is actually 20.4 Ib. per sq. in. 


The Hydraulic Jack 


The simplest hydraulic system in everyday use is the hydraulic 
jack which is illustrated diagrammatically in Fig. 86. The pump in 
this unit is, of course, hand-operated. It will be seen that the pump 
plunger is of small diameter compared with the ram, and so the 
effect shown in Fig. 85 is obtained. The force applied to the pump 
plunger is much greater than the downward force applied by the 
operator, due to the location of the plunger near the pivot of the 
operating lever. Thus there is a twofold magnification of the 
operator’s effort, partly mechanical and partly hydraulic, with the 
result that he can very comfortably raise a load of 2 tons or more. 

The system of control on the hydraulic jack is well worth noting, 
even if it is so simple as to be quite obvious, because the much more 
complicated arrangement on a tractor does essentially the same job. 
The pump has two non-return valves, one for suction and one for 
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delivery. The force of pumping holds the suction valve on its seat 
when oil is being pumped into the ram cylinder, and the pressure of 
oil in the ram cylinder holds the delivery valve on its seat (and 
prevents the ram dropping) during the suction stroke. The only 
control that the operator has to manipulate is the valve to release 
the oil trapped in the ram cylinder whenever he wishes to lower 
the jack. The oil is returned to the reservoir from which the pump 
draws its supply. 


DeliveryNR lee j 
(hen) 


Fig. 86. Diagrammatic illustration showing the operation of an hydraulic jack. 


The Power Pump 

A tractor hydraulic system differs from the jack in that a power- 
driven pump provides the oil under pressure. A single-cylinder 
piston pump would not be satisfactory, since it would not give a 
steady supply of oil, and, therefore, when a piston-type pump is 
used it is a multi-cylindered unit with one cylinder after another 
delivering the oil. A typical pump of this type is illustrated in Fig. 87 
It will be seen that there are four plungers mounted in opposed 
Pairs, each pair being driven by a cam or eccentric. A little thought 
will show that two pairs are necessary since if there were only one 
pair one cylinder would not start delivering until after the first 
had stopped. 
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Another type of pump used is the gear pump, similar to that used 
for pressure lubrication in a car engine, and in many tractor engines. 
It is, of course, more carefully designed and more robustly built for 
tractor use, since the blow-off pressure in a tractor hydraulic system 


yf 


ontrol’valve 


Fig. 87.. The David Brown hydraulic lift unit using four plungers operated 
by cams and non-return valves. 


may be something like 1,500 Ib. per square inch, as compared with 
a modest 30 Ib. or so per square inch of the normal engine lubrica- 
tion. A gear pump is used in the Farmall system, and is illustrated 
in Fig. 88, and its method of operation can be understood from the 
arrows showing the direction in.which the gears turn. A small 
quantity of oil, carried round in the space between each pair of 
teeth, is squeezed out when the mating tooth of the other gear 
begins to enter this space. 

These are not the only types of pump in use on tractors, but they 
will suffice to show two ways of providing the primary requirement 
of a tractor hydraulic system—a steady supply of oil under pressure. 
A practical point which will immediately be obvious is that the 
hydraulic pump, of whatever design, capable of maintaining a pressure 
of 1,500 Ib. per square inch, will be manufactured with very close 


€ 
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clearances throughout, so that adequate. filtering of the oil is an 
absolute necessity for trouble-free operation. The*smallest amount 
of grit can cause a great deal of damage. 


Methods of Hydraulic Pump Control 


The method of control depends, of course, on what the tractor 
designer sets out to do with the hydraulic system. One of the 
most comprehensive systems is that used on Farmall tractors, 
and for this reason it has been selected for detailed description. 
In its most elaborate form, the system can be used with two tool- 
bars, one mounted under the belly of the tractor and the other at 
the rear, and enables both sets of tools to start and finish work at 
the ends of the rows—i.e., there is a delay in lifting or dropping the 


Fig. 88. The gear pump used on Farmall tractors for operating two toolbars. 
One of the two front power cylinders is shown. 
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rear bar in relation to the forward one, so that the tractor moves 
forward the distance between the two bars before the rear one is 
lifted out or dropped into work. 

The operation of this lift may be understood by reference to 
Fig. 88, in which the control lever is shown in the neutral position. 
When the lever is so placed the oil from the pump is simply by- 
passed back to the reservoir, and no pressure is built up. To lift 
the toolbars, the lever is pulled back to the position D, where it is 
held by the projection on the underside of the locking lever X. 
The by-pass is shut off by the piston Y, which slides forward as the 
control lever is pulled back, and oil pressure immediately begins to 
build up in the hoses connected to the front and rear power cylinders. 
The rear cylinder has, however, a spring-loaded valve in the 
“delayed power-lift valve ” shown on the underside of the cylinder, 
and this valve is so adjusted that the pressure required to force oil 
through is greater than that required to lift the front toolbar by 
the front cylinders. 

Thus when a sufficient pressure has been built up the front toolbar 
is lifted, the rear one remaining in work. When the front toolbar 
is right up the pressure in the system rises still further until it is 
sufficient to force oil through the delayed-lift valve W, and thus 
cause the rear power cylinder to lift the rear bar. Finally, when the 
rear bar is right up, the pressure again rises and, acting on the cap 
on which the end of the locking lever is resting, lifts this lever and 
allows the control lever to spring back to the neutral position. 
As this happens the piston Y slides back and uncovers the by-pass, 
and the oil in the power cylinders and pipelines is trapped by the 
ball valves between them and the pump. Two points to note are: 
First, that the length of the delay in lifting the rear bar may be 
altered by adjusting the spring pressure in the delayed-action valve ; 
and, secondly, that the cap which finally lifts the lever would act 
as an automatic relief if, for example, something jammed between 
the toolbar and the tractor prevented it being raised. Some form of 
“blow-off” is always provided to guard against pressures which 
might burst the unit in some such eventuality. 

To lower the front toolbar the operator pushes the control lever 
forward to position B. This causes the upper ball valve to be 
lifted off its seat by the small plunger, and the oil from the cylinders 
to be returned to the reservoir. At the same time the upper 
curved part of the cam plate Z comes in contact with the pump 
body, and if the control lever is now pushed farther forward into 
position A, the cam plate pivots about its point of contact with the 
pump body, and its lower end operates the lower plunger to lift 
the ball and release the pressure in the rear power cylinder. Thus 
the rear toolbar is dropped. The delay between dropping the 
toolbars is in the operator’s direct control ; he can, of course, drop 
them both at once by pushing the lever to position A immediately. 

One good feature of this system is that pressure is developed by 
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the pump only when lifting is actually taking place. At all other 
times the pump is by-passing the oil at virtually no pressure. Apart 
from any special features, however, the system is worthy of study 
as showing the sort of thing that is involved in the working of a 
tractor hydraulic system intended simply for lifting and lowering 
implements. The, degree of complication of the controls depends 
entirely on how complicated are the operations to be carried out. 

The same broad principles apply equally to some systems in which 
the oil pressure acts on a piston housed inside the tractor, movement 
of the piston being used to operate a pair of lifting arms. Systems of 
this type are used on the David Brown and Fordson Major tractors 
(see Fig. 89) ; the piston inside the tractor is equivalent to the ram 
in the power cylinders on the unit described. It should be noted 
that, on either of these tractors, a pressure line may be taken if 
desired to a separate power cylinder. 


Fig. 89. Adoption of the hydraulic unit principle used on the Fordson Major. 
This system is operated by a swash-plate-type pump, three plungers and a 
rotor valve to govern suction and delivery. 


The Ferguson hydraulic system differs radically in principle 
from any of the others. In this system a piston housed inside 
the transmission housing operates two lifting arms connected to the 
implement ; the oil pressure does not, however, only lift and lower 
the implement, it actually regulates the depth of working. For a 
given setting of the hand control lever the hydraulic system maintains 
a constant draught on the implement. If the draught begins to 
increase, oil is pumped into the lifting cylinder and the implement 
is automatically raised a little ; if the draught begins to decrease, 
oil is let out and the implement goes in deeper. This effect is 
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obtained by making the top link operate a spring-loaded control. 
The advantages and disadvantages of this system as compared with 
the simple in- or out-of-work type (with which, depth of working is 
maintained by means of a depth wheel) are outside the scope of this 
handbook. 

The operation of the Ferguson hydraulic lift is fully explained in 
the accompanying diagram (Fig. 90). 


Fingertip control lever 


Z 


ension link, 


KEY 
mam Manual control 
Control valve & hush op Anisomatic control 


EXPLANATORY DIAGRAM OF THE FERGUSON HYDRAULIC LIFT 


Fig. 90. When the control lever is pushed forward the cam portion bears on the top 
of the control fork, which pivots at A—thus the control valve is pulled to the rear or 
drop position. When the implement enters the ground the top link is pushed against 
the control spring. Forward movement of the implement compresses the control spring 
and moves pivot point A forward and thus moves the control valve to a given depth of 
working determined by the distance forward of the control lever. The compression on 
the control spring is just sufficient to return the control valve to neutral in which 
position the weight of the implement is held on the tractor and the implement cannot 
go any deeper. 

If the front wheels enter a depression, the control spring expands, thus allowing the 
control valve to come slightly out of the pump and the implement to lower sufficiently 
to maintain its depth. On the other hand, if the front wheels rise on to higher ground, 
the control spring is further compressed and the control valve lifts the implement 
slightly in relation to the front wheels. 


ENGINE MAINTENANCE AND REPAIR 141. 


XXV 


ENGINE MAINTENANCE AND REPAIR 


Bee dealt in the previous chapters with various aspects of 
workshop practice, attention may now be given to actual 
tractor maintenance and repair. 

Many readers are sufficiently skilled to undertake decarbonizing: 
together with the closely related job of valve grinding. There is 
not much point, therefore, in going deeply into the various questions 
relating to these jobs, although some remarks on valve grinding. may 
Prove useful. 

Grinding-in Valves 


When a valve is badly pitted considerable and laborious grinding- 
in may be necessary before all the pits are removed. This difficulty 
in itself may not be of any great account, but the objection to 
excessive grinding is that the valve seating becomes worn away so 
that, in time, and if the grinding be carried to excess, the valve may 
tend to pocket, thus causing a distinct loss of efficiency in the engine. 
The proper course to adopt in the case of badly pitted valves is to 
have the faces trued in a lathe or in one of the special grinding 
machines designed for this class of work. 

In general, the face angle of a poppet valve is 45°, therefore the 
slide-rest of a lathe should be set over to cut this angle, provided, 
of course, that the slide swivel is graduated. If it is not, the angle 
must be set by trial against the valve face, the stem being held in 
the chuck and, if possible, the head supported on the back centre. 
Preliminaries of this kind are, of course, unnecessary in special 
valve-grinding machines. 

Before any work is done on a valve make quite certain that the 
stem is not bent. A ready means of checking this is by using a straight 
edge, such as a steel ruler, which may be applied to the stem at various 
points. If held up to the light, or over a sheet of white paper, any 
fault in this direction will show up clearly. 

A bent valve stem may be straightened in the vice by using suitable 
packing pieces. One packing piece is placed at each end on the 
concave side, and the third is introduced on the convex side of the 
bend (see Fig. 91). By carefully regulating the pressure on the 
packing pieces with the vice handle the stem can be effectively 
straightened. Go carefully and a little at a time, testing frequently 
with the straight edge. It is quite a good plan to havea spare set 
of exhaust valves ready faced, the set being installed in the engine 
when the head is removed for decarbonizing in place of the worn 
set, which can be refaced at leisure ready for refitting to the engine 
next time it is dismantled. In this way only the lightest grinding-in 
on the seatings is necessary to ensure gas-tightness ; thus the seat- 
ings remain in perfect condition. 
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Whether the valve faces need re-cutting or merely grinding-in, 
the first process should be thoroughly to clean the valve heads and 
= the stems. One way of 

doing this if a re-facing tool 
is not available, is to grip the 
stem in the chuck of a hand 
brace and to mount the hand 
brace in the vice. Whilst 
the brace is being turned 
briskly over, a piece of emery 
cloth soaked in paraffin 
should be held to the valve. 
Avoid allowing the emery 
cloth to round off the valve 
face, otherwise an unneces- 


Fig. 91. Straightening a bent valve by Reel eat 

means of packing pieces in a vice. Sy anu ne 
emery cloth used should be well worn, and the paraffin must not 
be forgotten. 


Resurfacing Valve Seats 

Sometimes a seating becomes warped or very badly pitted. The 
cure is to re-cut it with a seating cutter. These tools consist, as a 
rule, of a toothed cutter, shaped to the correct angle and mounted 
on a pilot stem which passes down the valve guide. The cutter is 
rotated by hand or mechanically, according to its type. Hand 
operation is perfectly satisfactory, as only a very light cut is needed. 
Accuracy is ensured by the pilot stem, which causes the cutter to 
rotate true with the valve guide. Where a very high finish is 
desired an abrasive hone, mechanically driven at high speed, is used 
instead of a milling cutter. 

When seatings are badly worn and the use of valves with over- 
size heads is impracticable, a satisfactory repair can be made by 
building up the seating by oxy-acetylene welding. When the new 
metal has been added the seat is machined to the correct size. 
Another method is to counterbore the worn seating and to press in 
a separate seating correctly machined in the form of a ring. This 
job is best left to the specialist. 

Inlet valves or seatings in a normal engine scarcely ever pit to 
any extent, but it is generally advisable to grind them in lightly with 
a fine abrasive, followed by the sediment from a metal-polish tin. 
This ensures a fine finish on both face and seating, and not only 
makes a gastight joint but ensures that the valves will not subse- 
quently bed down and decrease the tappet clearances. 


Dismantling the Engine 
When an engine has run for two years the piston rings should 
be examined. It is common practice to form the cylinder block 
and crankcase top in one unit; thus access to the pistons is by 
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removing the sump, uncoupling the big-ends and then drawing down, 
the connecting-rod and piston assembly. 

No difficulty should be experienced in removing the sump of a 
normal engine, whilst most big-end bolts have castellated nuts and 
split pins or eared locking washers. 

If the engine has been properly erected previously, the big-end 
nuts will be tight ; a strong and well-fitting box-spanner must be 
used on them, and for ease in refitting it is advisable to mark the 
nuts so that they are replaced on the same bolts. 

In all probability the big-end caps and the connecting-rods will 
already be marked for correct reassembly, a letter or a figure being 
punched in the metal adjacent to the bosses on one side through 
which the bolts pass. Thus No. 1 con.-rod may be marked A, A 
or 1,1, the next B,B or 2,2andsoon. It is essential that the bearings 
be assembled the right way round. : 

There will probably be shims fitted between the top and bottom 
halves of the bearings, and here care must also be taken to see that 
the shims are retained in their proper positions, because they 
control the fit of the bearings on the crankpins. If the bearings are 
to be adjusted, one or more shims—in the case of the laminated 
type—will have to be removed. 

In many cases the white metal of the bearing is contained in 
bronze shells which, in turn, fit into the connecting-rod. When the 
big-end bolts are undone the bronze shells will be loose and, there- 
fore, liable to drop out. This must be guarded against, because, in 
addition to the risk of damage, it is essential that they be correctly 
replaced, and this cannot be done with certainty unless they are 
marked. 

When the connecting-rods and pistons have been withdrawn 
and cleaned carefully, inspect the rings, the fit of the gudgeon-pins 
and the general condition of the pistons themselves. A certain 
amount of carbon will be found on the underside of the piston 
crown, and in the bottoms of the ring grooves, and to remove it 
Push out the gudgeon-pin and slip off the rings. 

Gudgeon-pins are located in pistons in various ways, but the 
method of fixing should be quite obvious after a short examination. 
In modern engines it is usual to allow the gudgeon pins to float in 
the piston bosses and to limit endwise movement by means of 
spring circlips sprung into grooves formed in the piston bosses. 
Another method is to fit pads of either brass or aluminium to the 
end of the hollow gudgeon-pins, thus preventing their coming into 
contact with the cylinder walls. In certain cases the gudgeon pins 
are locked in the small ends of the connecting-rods by means of 
pinch bolts, and in this case, of course, the pins take their entire 
bearing in the piston bosses. As in the case of the big-ends, it is 
essential that the pistons be refitted the right way round on the 
connecting-rods, so both rods and pistons should be marked before 
the gudgeon-pins are removed. 
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Removing Piston Rings 


It is not always easy to avoid breaking piston rings when removing 
them, but the risk can be reduced to a minimum by the exercise of 
care and the use of proper tools. A simple method of expanding the 
rings for removal is to take one ring at a time and, having eased it 
partially from its groove, to slip behind it three strips of tin spaced 
about 120° apart. This should cause the ring to come quite clear 
of its groove, and it may then be slipped upwards off the piston. 
Proprietary tools for ring removal can be bought from most accessory 
dealers, and they are well worth having. They are adjustable for 
use on pistons of any size. 

If the rings are stuck in their grooves great care will be needed 
in freeing them; but it happens frequently that, no matter how 
careful the operator may be, the ring will break. It is advisable 
to have a spare set of rings available so that replacements can be 
made without loss of time. 

When the rings are freed from the grooves the carbon can be 
cleared from the bases of the grooves by means of a narrow screw- 
driver blade or other suitable tool. The backs of rings will also be 
coated with carbon, and this should be cleared away. ‘A clearance of 
only .0015 in., or possibly .002 in., should exist between the sides 
of the ring and the groove; a greater amount indicates that wear 
has been taking place. In this case the groove should be examined 
carefully to see that the sides are perfectly square and it may be 
Necessary to true each groove by mounting the piston in a lathe. 
If this is done oversize rings will be necessary, but it is advisable to 
machine out the grooves to a width for which it is known that new 
rings can readily be obtained. Better still, get the rings first and 
then machine the grooves to size. 

In addition to being a correct fit in the grooves, the rings must also 
fit the cylinder bore with only a small amount of clearance between 
their ends. No really hard-and-fast rule can be laid down, but, as a 
general guide, it may be said that the gap between the ring ends 
should be only just sufficient to ensure that the two ends do not 
touch when they expand with the heat. The following clearances 
may be taken as quite satisfactory for water-cooled engines : 
Up to 69 mm. bore, .003 in. ; 70 mm., .004 in. ; 85 mm., .005 in. ; 
100 mm., .006 in. ; 110 mm., .007 in. ; 120 mm., .008 in. ; 130 mm., 
.009 in. 


Honing Cylinder Bores 

In an old engine the cylinder bores will not:be true : in all prob- 
ability the working part, which is equal, of course, to the stroke of 
the piston, will be slightly oval, whilst those portions above and 
below the stroke limits will be truly circular and of the same dimen- 
sions as when originally machined, because no wear will have taken 
place owing to their having, as it were, no work to do. 

It is important, therefore, when fitting new rings to make sure 
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that the gap measurement is taken with the ring in the working 
part of the cylinder; but, obviously, if the bore is oval the ring 
cannot touch over its full circumference ; it may; however, bed in 
to the oval shape of the bore in time, and for this reason the gap 
should be left as close as possible, as it will increase slightly during 
the bedding-in process. 


Fig. 92. A useful electric power tool for honing cylinder bores. 
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When fitting new rings the cylinder bores should be examined 
at the top ends, as a ridge is frequently to be found at this point. 
This should be carefully removed by the use of a scraper, otherwise 
there is the possibility of the new top ring breaking, or at least the 
engine when run for the first time will emit a disturbing noise as 
the sharp edges of the top rings come into contact with the ridge in 
the cylinder. : 

Until fairly recently worn cylinder bores could be trued only by 
dismantling the engine and mounting the cylinder block ona grinding 
machine, the abrasive wheel of which removed the surplus metal 
necessary to produce an enlarged but truly cylindrical bore. 

It is becoming the custom to hone out cylinder bores with a special 
apparatus consisting of strips of abrasive material mounted on an 
expanding holder, which can be rotated either by hand or power. 
Micrometer adjustment of the cutting diameter is provided, and 
by means of a universal joint in the drive the cutters are self-aligning 
in the bore. 

Good results are obtained by this method, and in many cases it 
is unnecessary to remove the engine from the tractor, the only 
dismantling work involved being the lifting of the cylinder head 
and the removal of the sump, together with the pistons and 
connecting-rods. 

Before leaving the question of piston fitting it may be remarked 
that in no circumstances should the upper and lower faces of a piston 
ring be filed, because it is essential for them to be true and parallel 
—a condition which is practically impossible to obtain with a file. 
Should a ring require reducing slightly in width in order to fit 
Properly in its groove, obtain a sheet of plate-glass—a piece about 
6 ins. square is large enough—and spread on it a thin layer of valve- 
grinding paste. Rub the ring on this with a circular motion and 
until the required amount of metal has been removed. It is advis- 
able to work on only one face of the ring, and plate glass should 
always be chosen as the rubbing surface, because it may be relied 
upon to be reasonably true and flat. 

Reassembly of the rings on the pistons can be carried out quite 
easily by the use of the three strips of tin, or with one of the 
proprietary ring tools. 

It is assumed, of course, that the pins and small-end bushes are in 
good condition ; if they require renewing it will generally be found 
best to buy new pins and bushes. 

The usual method of securing small-end bushes is to press them 
into the connecting-rod. They may be forced out in a vice by 
fitting a sleeve, made of a short length of tubing, over one side of 
the bush, or a drawbolt may be used. The reversal of either of 
these two methods will enable the new bush to be introduced 
without difficulty. 

If the bush is a very tight fit it may be found that the bore will 
close up slightly, thus making it too tight a fit on the pin. The way 
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to get a perfect fit is by lapping. A lap may consist of a piece of 
wood turned to such diameter that it will just enter the bush. 
The lapping medium, fine carborundum and oil, is applied to the 
lap, which should be revolved in a lathe or by other means, the 
bush being passed over it and taken from end to end. A properly 
lapped bush should be perfectly circular and parallel, whilst the 
finish should be all that could be desired. Thorough washing in 
paraffin or petrol should follow all grinding or lapping operations. 
There is no harm in the pin fitting moderately tightly, but it should 
be possible to rock the piston by hand without any appreciable 
effort. Take care when fitting a new bush not to forget the oil 
hole and the oil groove, should one have been provided in the 
previous bush. 

In circumstances where a small-end bush is a slack fit on the pin 
and no spare is available, it is permissible, in an emergency, to 
collapse the bush by tinning it heavily on the outside or by knurling 
it in a lathe, so that when forced back into the connecting-rod the 
greater external diameter will have the effect of closing up the 
bore slightly and, therefore, making it a better fit on the gudgeon 
pin. It must be understood that this is a makeshift method and 
one which cannot be recommended from an engineering point of 
view. 


148 FARM MECHANIZATION HANDBOOK 


XXVI 


BLACKSMIT HING 


Te be able to carry out a certain amount of smithy work is a 
useful asset to the farm mechanic, for often a small repair job can 
be done in less time than it takes to get to the nearest smith. The 
actual tool requirements are not large, for a mechanic can make most 
of them once he has a forge and an anvil. 

The forge should have a gear-driven blower operated by a crank 
(unless compressed air is available), and the hearth should be at least 
18 ins. wide. Good portable forges can sometimes be obtained 
from Government surplus stocks. The anvil should be of steel 
and, for preference, weigh from 100 to 125 Ib. It should be mounted 
on a solid block or angle-iron frame at such a height that it can be 


‘touched by the knuckles of the clenched fit when standing erect 


with the arm straight down. 

Tongs, hammers (14 to 2 Ib. and 3 to 34 Ib.), chisels and punches 
are needed, also a metal rule, a square and some calipers. 

The important thing when undertaking smithy work is to have 
a good fire. It must be clean, deep and compact. Ordinary stove 
or furnace coal will not work satisfactorily in a forge, and the best 
fuel is blacksmithy coal, which is soft, of good quality and practically 
free from sulphur. This fuel, when damped and packed down 
round the fire, forms coke and burns with an intense flame. 


Place the iron to be 
heated in a_ horizontal 
Position in the fire so 
that there is burning coke 
all round it. With regard 
to the actual work, little 
can be taught in a book, 
and the mechanic is ad- 
vised to experiment for 

Fig. 93. The iron must be placed in the fire himself on odd scraps of 

in a horizontal position so that there is burning metal before undertaking 

coke all around it. any work other than 

Se bending and straighten- 

ing, for welding is a task best left to others until proficiency has 

been achieved. Bending and straightening tool parts forms a large 

part of smithy work, although drawing tools down preparatory 
to sharpening and tempering is a fairly frequent job. 

One advantage of having a forge is that cold chisels, punches, 
picks and various implement parts can be re-dressed and tempered. 
Tool steel may. either be purchased from an ironmonger, or it may 
be recovered from parts of old machines, such as pitchfork tines, 
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axles and drive shafts from old cars, hay-rake teeth and soon. All 
these oddments should, therefore, be kept, for they will serve a 
useful purpose one day. 

Tool steel can be ruined by wrong treatment: for example, the 
critical temperature of this metal is about 1,400° F. (or dark red). 
If heated above this, the grain size is increased and the steel weakened. 
Hammering the steel when it is dark red will, however, decrease 
the size of the grain and will therefore improve it. 

Heat steel slowly in a good clean fire, and do not get it hotter 
than the bright red colour or lower than orange. If, however, 
it is left in the fire a little too long, allow it to cool slowly and then 
re-heat. The term “ critical temperature” really is critical, for if 
the metal is hammered when below 1,300° F. it will probably split 
or crack, while, as we have already seen, if the temperature is too 
high (above 1,600° F.) it will be weakened. 

Do not hammer too lightly or only the outer part of the metal 
will be drawn out, leaving the inner part unaffected, so hammer 
heavily at the bright red stage. 

After the tool has been forged it should be annealed, or softened, 
before it is tempered. This evens up the strains caused by alternate 
heating and hammering, and it is done by heating it once more to 
a dark red and allowing it to cool slowly—preferably out of draughts. 

Tool steel that is heated and then cooled rapidly becomes hard— 
much too hard for use as a tool—and it has to be tempered. In 
any case, the steel should be made hard before tempering. The 
amount of softening depends upon the temperature to which the 
steel is heated, and for practical purposes in the farm workshop 
temperatures are judged by the colour of the metal. 

Suppose, for example, a cold chisel has been forged. Heat it to 
a dark red for a distance of about 3 ins. from the cutting end, and 
then plunge about 14 ins. of the point into cold water, moving it 
up and down slightly until the end is cool enough to hold in the 
hand. Then polish one side of the blade with emery-cloth, an 
old file, or a piece of brick, and watch the colours come down to the 
polished part. The heat contained in the body of the tool slowly 
spreads along towards the point, and the first colour to be seen 
will be yellow, followed by straw, brown, purple, dark blue, and 
finally light blue. When the dark blue reaches the actual cutting 
edge, dip the end quickly in water and move it about to cool 
thoroughly. Do not drop the whole chisel.in the water, as this 
will harden the shank, and the tool will break when used. When 
all redness has left the shank, drop the tool right into the water and 
leave it until quite cool, when it will be ready for grinding. 

A centre-punch is made a little harder than a cold chisel, and a 
screwdriver a little softer. Not all steels have the same degree 
of hardness when cooled at a given colour, so it may be necessary 
to experiment a little in order to get the exact temper needed for 
the work to be done. 
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X XVII 
PIPEW ORK 


HERE are few farms in which pipes of some kind are not used, and 
the mechanicis sooner or later bound to becalled upon to fit upsome 
water-piping. The tools needed are not many, the chief being aStillson 
or other similar wrench, a pipe-cutter, dies and a good bench vice. 
Pipe wrenches, of which 
one is illustrated in Fig.94, 
are obtainable in several 
sizes, but a 14-in. and an 
18-in. will cover most of 
the work. A proper pipe 
vice (see Fig. 95) is prefer- 
able, although useful work 
can be donewith the usual 
workshop type, some 
assistance being given by 
the useof the pipe wrench, 
as shown in Fig. 94. 
Unless a considerable 


a } pares of pipe-work is to 
| La aa  done—such as when 
: b = ipe work ; rae 

ae 94. Using a Stillson Wrenn? Pailable. fitting up an irrigation 
when a proper pipe scheme, or piping a farm- 


house for water, stocks and dies can be hired from a builders’ 
merchant. The same applies to @ pipe-cutter, although the smaller 


sizes of tool—t in. and 4 in.—are useful for a variety of jobs on 


machinery and on engines. 
Piping used on farms 
is generally galvanized 
iron, as it is less liable 
to rust. The fittings, 
too, may also be galvan- 
ized, although cast or 
wrought-iron are 
frequently used. 
Unlike bolts, pipes 
are measured accord- Z 
ing to their inside Fig. 95. This pipe vice is the correct tool to use. 
diameter, although it 
will be found that the actual internal diameter is a little larger than 
the nominal. Pipes are made in sizes ranging from 4 to + in. by 
steps of an eighth of an inch, and up to 14 ins. by steps of a quarter- 
inch. Fittings are designated by the size of pipe they will fit, and 
not according to their own diameters. For instance, a 4-in. elbow 
has an inside diameter of about 3 in., because it has to screw over 
the outside of a pipe which has an inside diameter of 3 in. 
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To save time and trouble when ordering pipe fittings, Fig. 96 
shows the common types and their names. 


CGR 


elbow bend street ell reducing socket 


coupling union bushing cap plug 


Fig. 96. Some common types of pipe fittings. 


Whenever one has to tackle a piping job of any size, it is as well 
to take careful measurements and to plan out the whole system, 
including the type of fittings required at each bend or join. If, as 
is often the case, one has to take the pipes away to be threaded, 
check all measurements carefully before cutting. 

Pipes’can, of course, be cut with a hacksaw, and a fine-tooth blade 
(24 teeth per inch) is usually the best. A pipe-cutting tool com- 
prises a steel frame and three steel disc cutters, one fixed on the 
head and the other two movable along a slide. 

Place the tool on the pipe so that the cutting disc covers the line 
to which the pipe is to be cut, turn the handle to grip the pipe 
between the cutters, and then turn the tool round the pipe, tighten- 
ing the cutters a little each time round to force the cutters into 
the pipe. A little oil should be used. 

Cutting tools leave a burr inside the pipe, and this should be 

removed with a pipe reamer or with a half-round file. If the burr 
is left, the obstruction will decrease the carrying capacity of the 
pipe. 
When cutting threads, use a firm pressure to start the dies work- 
ing, but afterwards the tool will feed itself in. Remember that 
pipe threads are not parallel like those on a bolt, but are tapered, 
so if the die is screwed on so that more than one thread projects 
through the die the tool will cut a parallel thread. Lubricate the 
die well during cutting. 

When erecting pipelines, always coat the threads with a jointing 
compound or with a mixture of graphite and a heavy grease. A 
paste of Portland cement and linseed oil can also be used. If the 
piping is to be used for drinking water, apply the jointing material 
to the threads on the pipe and not on the fitting, otherwise some 
of the compound will be left in the pipe and contaminate the water. 
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XXVIII 
FARM WATER SUPPLY 


HE existence of a satisfactory piped water supply, good in 

quality and adequate in quantity, is recognized as a prime 
necessity in most branches of farming. All farms need water for 
human consumption ; farms carrying stock need drinking water in 
the fields and buildings. Dairy farms need water for washing and 
sterilizing, and there is an ever-growing use of water for crop irriga- 
tion. In all these applications a supply of water piped to the point 
of utilization can effect a saving of labour which in many cases is 
remarkable and alone may justify the installation costs of such a 
system. In many respects a mains water supply has advantages 
over other methods, but a private system often falls little short of 
this and may prove less costly. 


Sources of Water 

In any projected scheme it is obvious that the quantity of water 
required must be closely estimated and the potential source 
examined to make sure that it is adequate. Even more important, 
where ‘drinking water and dairy washing water are concerned, is 
the bacteriological quality. Preliminary tests should be made if 
possible before work is started, and where surface or soil water 
contribute to the supply routine examination should be continued 
at regular intervals. The hardness of the water supply is of interest 
in so far as water heating or steam production is concerned. Deposi- 
tion of scale or sludge on the heating surfaces of steam boilers and 
similar equipment may be severe with hard water, leading to added 
costs of maintenance and loss of efficiency. Very soft water, 
particularly in peaty districts, may be corrosive. 

Sources of water may be classified in two groups—those which 
occur at ground level, such as rivers or streams, lakes or ponds and 
springs ; and those which occur underground. The latter may be 
tapped by a well shaft : if the water level is less or more than about 
25 ft. from the surface the well is termed shallow or deep respec- 
tively. In practically all cases wells are fed by underground springs. 
An underground source of water may, however, be at a great depth, 
in which case it may be tapped by a borehole. Borings may be made 
several hundred feet deep, and are lined with steel tubes. When 
the boring penetrates the water-bearing stratum it may be found 
that the underground pressure forces the water to the surface : 
in this case it is termed an “artesian” well. If the water rises 
only part-way it is said to be “ sub-artesian.”’ 

Sometimes the water source occurs’ at a level above the’ point 
of utilization. In such cases it is usually possible to build a collect- 
ing tank at the source, from which water may be conveyed by 
gravitation, thus eliminating the need for any pumping equipment. 
The running costs of such a system are thus virtually negligible. 


” 
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Fig. 97. The simplest way 
to tap an existing water 
pipe is to use a “pipe 
saddle.’’ Fixing details are 
given in the pictures. 
Available sizes range from * 
}" to 3” and for branches 
to mains from | 4" to 6”. 
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The Mechanics of Water Supply 
Most water supply problems involve pumping water from a 
source to a storage, the latter being arranged to provide energy 
for automatic distribution from the storage to the points of utiliza- 
tion. The gravity storage system is shown diagrammatically in 


Ay] Float switch 


= 
mI 


Storage tank 


Static 


delivery head Rising maid | 
Cable to 


motor starter 


Service pipe 


Fig. 98. Water supply problems usually 
involve pumping water to a storage tank. 
The gravity storage is here shown dia- 
grammatically. Note automatic float 
Foot valve switch control. 


{ Service pipe Pressure gauge 


Pressure switch 


Fig. 99. Diagram showing an 
arrangement for storing water 
under pressure in a sealed tank. 


Air under pressure 


Cable to motor starter 


Storage tank 


Suction pipe to source 


Fig. 98. The vertical height of the pump above the water source is 
termed the suction head; this is limited to 20-28 ft. according to 
the type of pump. The vertical height of the storage tank above 
the pump Is termed the delivery head. These values added together 
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give the total static head, and this is usually expressed in feet. The 
storage tank must be above all the service points. 

Fig. 99 illustrates the pressure storage system, and the suction 
head is determined as before. The storage tank may be at the same 
level as the pump, but being sealed it can store water under pressure. 
The equivalent delivery head in this case can be expressed in feet by 
multiplying the pressure in Ib./sq. in. by 2.3. . If the tank is above 
or below the pump, the calculated delivery head in feet must be 
increased or decreased by the vertical difference in level. 


Pipe Friction 
When water flows through a pipe it has to overcome frictional 
resistance. This absorbs energy, and in consequence represents 
an added load when pumping water and a decrease of potential 
energy in distribution. It is convenient to express pipe friction in 
the terms of head, that is an equivalent extra vertical height. The 
total, or manometric, head which the pump must overcome can 
therefore be expressed as follows :— 
For the gravity system— 
H=h,-+-hg+hy, 
where H=total head (feet) 
h,=suction head (feet) 
hy=delivery head (feet) 
hy=total friction head (feet) 


For the pressure system— 
H=h,-++hg+2.3 p+-hy 
where H=total head (feet) 
h,=suction head (feet) 
hy=gravity delivery head (feet) 
p=storage pressure (Ib./sq. in.) 
h;=total friction head (feet) 
Note.—In the above equations h, would be negative if the source 
is above the pump ; similarly hg would be negative if the pump is 
above the storage tank. 


Calculation of Friction Head 


Friction head is estimated in practice by referring to tables or 
graphs, an example of which is given in Fig. 100. It is proportional to 
the length of the pipe, and therefore the values are given per 100-ft. 
run. For a given size of pipe the friction head is proportional to 
the square of the pumping rate—i.e., if the pumping rate is doubled, 
the friction increases four times. For a given pumping rate the 
friction head is inversely proportional to the fifth power of the 
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pipe size—i.e., if the pipe size is doubled the friction decreases 
32 times. The curves in Fig. 100 give the friction head per 100-ft. 
of straight pipe at various pumping rates for several common sizes 
of galvanized water pipe. An additional allowance must be made 
for the friction loss at pipe fittings such as bends or elbows. Four 
such fittings may be considered equivalent to an additional 100-ft. 
length of pipe. 

The total manometric head calculated as above and expressed in 
feet is used to select a suitable type of pump and to determine the 
power which will be required. This is expressed by :— 

Hx10Q 

33,000 

where H=total manometric head 
Q=pumping rate in gal./min. 


/ 


Horsepower= 


FRICTION HEAD Fett per 100-fc 


Be 


TOOO 1500 2000 7500 3000 
FLOW IN GALLONS per hour 


Fig. 100. Graph giving values of friction head per 100 ft. run for various 
rates of flow in galvanized pipes of nominal bore. 3 in.—3 in. 


Some allowance must be made for the mechanical efficiency of the 
equipment, and the engine or motor required should be rated at 
33 per cent. to 50 per cent. above the calculated figure. 


Water Supply Equipment 


There are now many forms of power-operated pumps which are 
suitable for water supply, and only their leading characteristics 
can be mentioned here. It should be appreciated that all Pumps 
are devices which create a low pressure at the inlet or suction, and 
a high pressure at the outlet. The water source is normally at 
atmospheric pressure, and this forces water up to the pump. The 
maximum height between the pump and the source is therefore 
the head, which is equivalent to normal atmospheric Pressure, that 
is, 2.3X14.7, or about 34 ft. Friction and other factors diminish 
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in practice to a maximum of about 28 ft. Not all types of pumps 
can create a low pressure when not full of water ; those which can 
are termed “‘self-priming.”” Those which cannot must either be 
primed with water for starting or submerged below water level 
so that the suction head is nil or negative. 


Centrifugal Pumps 

This type of pump is often used for pumping at high flow rates 
against comparatively small heads. Having no valves, it can be 
used for such purposes as irrigation or drainage, where the water 
to be pumped contains grit or other suspended matter. An impeller 
is rotated inside a circular casing at the centre of which is the water 
inlet. As the impeller is rotated 
the water is forced outwards by 
centrifugal action, thus creating a 
high pressure at the periphery of 
the casing and a low pressure at 
the centre. The delivery is taken 
tangentially from a volute cham- 
ber. This type of pump is not 
self-priming, and often is arranged 
to operate flooded or immersed. 
A multistage vertical type is illus- 
trated in Fig. 101. In this anumber 
of small centrifugal pump units 
are mounted together, each unit 
delivering to the unit above, thus 
building up the delivery pressure 
in stages. An additional feature 
of this type is that an electric 
motor of special design is 
incorporated, the complete 
assembly working under water. 


Rising main connection 


Disc-type non-return valve 
3rd stage impeller — 


2nd stage impeller. 


Ast stage impeller. 
Water intake 


Electric motor 


Fig. le Explanatory illustra- Rotary Pumps 

ion of cen 

capable of wooking sitet There are many forms of rotary 
pumps operating on either the 

positive displacement or the turbine principle. Most of them can 

be used for water-supply purposes, but they often are designed for 

special purposes, and in consequence are not always competitive 

in price for water pumping. 


Reciprocating Plunger Pumps 
This type of pump, operating on a positive displacement principle, 
exists in several forms. A commonly-used type is a horizontally- 
opposed double-acting pump capable of operating on a 25-ft. suction 
head. A 2h.p. engine would give an output of 500 gal./hr. against 
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a total head of 150 ft. The horizontal steel plunger is reciprocated 
in the two opposed cylinders at the ends of which are brass ball 
valves to control the suction and delivery. An air vessel is fitted 
above the delivery branch to lessen the pulsating effect of each 
delivery stroke. 


Air vessel 


Rising main 


Plunger rod 


+ Foot valve ————— =] 


Fig. 102. Diagram of pump suitable for a deep well. 


In another form this type of pump can be used for deep wells. 
The well-head gear is arranged above a large-diameter rising main, 
which extends down the well or borehole to below the water level. 
The plunger rod is inside the rising main, and is reciprocated by the 
gear above, while at its lower end is a piston working inside the 
cylinder attached to the bottom end of the rising main. The latter 
is long enough to ensure that the cylinder is always under water 
and is large enough to allow the plunger rod and piston to be with- 
drawn for servicing without disturbing the cylinder or rising main. 
A diagram of the equipment is shown in Fig. 102 and an illustration 
of a well-head gear is shown in Fig. 103. 
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Fig. 103. The head gear of a deep well pump. The plunger rod passing 
through a gland into the top of the rising main can be seen under the 
frame : the air vessel and delivery pipe is to the left of this. 


Hydraulic Rams 
The hydraulic ram is a water engine and pump combined, and is 
illustrated diagrammatically in Fig. 104. Water flows through a large- 
diameter drive pipe “A” into the chamber “ B ” escaping through the 
valve “C.”” The pressure on this valve causes it to close, and the 
inertia of the water in the drive pipe then produces a pulse of high 


To storage tank 


Delivery Water source 


head 


Drive pipe 
= Waste water to drain 
oN NEN 
Fig. 104. Diagram of hydraulic ram, explained on this page. 


160 FARM MECHANIZATION HANDBOOK 


pressure inthe chamber. Asmall quantity of water is forced through 
the delivery valve “D” as a result ; this relieves the pressure, and 
valve “ C” opens to start the cycle of operations again. The water 
pumped is only a small proportion of the water used, and thus an 
ample supply must be available. For example, if the euiving head 
were 10 ft. and the delivery head 100 ft., then theoretically 10 per 
cent. of the water used would be pumped to storage and 90 per 
cent. wasted. In practice these figures would be 5-7 per cent. 
and 93-95 per cent. respectively. 


Methods of Control 
Where a pump is driven by an internal-combustion engine, manual 
control is usually necessary. An electric motor can, however, be 


= Wale i vie SN 


Fig. 105. A pressure-storage used as a booster. The centrifugal pump is fed from 
an overhead tank and pumps water into the pressure-storage tank. The pressure- 
operated switch at the top of the tank automatically controls the pump motor. 


automatically controlled very easily. With the gravity storage 
system a float switch can be incorporated in the tank and used to 
switch the motor on and off at any desired water levels. With the 
pressure-storage system, illustrated in Fig. 105, a pressure-operated 
switch is attached to the tank, and this switches the motor on 
when the pressure falls to, say, 20 Ib./sq. in. and switches it off when 
the pressure reaches, say, 40 Ib./sq. in. 
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OVERHAULING A FARM WATER PUMP 
(The Argosy) 


|i is odd to reflect that the more reliable a machine the greater 
the abuse and neglect it has to suffer, and no better example of 
this paradox is seen than in the farm water pump. These appliances 
are installed, set to work and then usually forgotten. That they 
go on working day after day for months on end without any attention 
whatever is a real tribute to the manufacturer. All the same there 
is bound to come a time when a failure occurs, and at this moment 
there are many who wish they had not forgotten to service these 
appliances which are so badly needed at this time. i 


Ripe? Die Se poh Wah, Ue ie aD 


t 


i Fig. 106. "Sectional view ew af Argosy pump: 


There are many different makes and decane of pump, and the 
Argosy is a typical example of such units. This machine-is made in 
"two models, a single cylinder and a twin ; but.as both are identical 
‘in operation, we have selected the single ram plant as being the 
‘easier to photograph and to describe. The pump can :be driven 


c* 
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by an electric motor or a petrol engine, or by belt from shafting, 
but we will confine our article to the pump itself. This consists of 
a crankshaft, connecting-rod and piston on much the same lines 
as those in a petrol engine although much smaller. Screwed into 
the top of the piston, however, is a length of rod carrying on its 
outer end two leather bucket washers, which operate in a further 
cylinder so that the piston merely acts as a crosshead. 

Fig. 106 is a general view of a sectioned Argosy pump, and it shows 
the flywheel A, the crankshaft B, the big end C, the plunger D 
(screwed into the crosshead which is not seen in this illustration), 
the valves E, and the air chamber over them. 


Dismantling 
To overhaul the pump begin by removing the air chamber. This 
is secured by a long bolt F. Unscrew this bolt and lift the air 
chamber off, when the valve plate G, in Fig. 107, will be revealed. 
This plate has a rubber washer above and below it, these being shown 
at H in Fig. 107. Lift off the valve plate with valves. 


TI a ae , ? 
Ri $ i 
VALVE, PLATE 


vO Ree 
Fig. 107. Details of valve assembly on Argosy pump. 


At the end of the machine is a cap J, behind which is a fibre washer. 
Unscrew this cap (left-hand thread), and then slacken back the gland 
nut K. Turn the flywheel until the plunger is right forward, and 
then with a box spanner inserted in the hole of the end cap J, unscrew 
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the plunger rod from the crosshead and pull it out. Reference 
to the illustration will show that this rod has two bucket washers 
on it, both facing different ways. On pumps designed for cold 
water, leather is used, but if for hot water there is a gunmetal 
piston instead. 

The crankshaft is removed by first slackening the belt tension 
screw (this is not shown in the photographs as the machine was not 
fitted with a motor) and remove the belt. Next take off the plate 
at the end of the crankcase by removing the two setscrews L (Fig. 106). 
Turn the flywheel round until the big-end of the connecting-rod 
is nearest the aperture, and then take off the big-end cap. Push 
the connecting-rod away from you clear of the crankshaft. 

Take out the flywheel securing screw and then remove the 
flywheel by placing a block of wood on its inner edge and tapping it 
with a hammer. Do not hit the flywheel with the hammer or it 
may break, being of cast iron. Move the block round and round 
the circumference of the wheel and tap until the wheel is free. On 
the opposite side of the machine isa cover seen at Nin Fig.106. Take 
out the three screws and remove the cover, when the crankshaft 
and its cap can be knocked out together. The crankshaft has two 
ball races attached to it, but unless these need renewing they should 
not be disturbed, but merely washed clean in paraffin and then 
lubricated. There is a fibre washer seal between the end plate 
and the crankcase. See that this is not damaged. 

The crosshead, connecting-rod and big-end bearing are of gun- 
metal, and should the bearing need to be taken up, hold the cap in 
a vice and file a little off the face which meets the connecting-rod. 
Take off only a little at a time, and remove all the burrs before fitting. 
If the bearing does not make good all-over contact with the shaft 
journal, scrape it a little with an engineer’s scraper. The crosshead 
is attached to the connecting-rod by a gudgeon pin, which is parallel 
and a push fit. Should this wear, a new pin will usually take up 
slackness, but if it does not, fit a new connecting-rod. Make sure 
that the oil groove on the top of the connecting-rod Is clear and 
that the hole carrying the lubricant to the gudgeon pin is not 
obstructed. 

The valve plate is a stout bronze casting drilled as shown in Fig. 107. 
The four valves are alike, but two are on one side and two on the 
other. Each consists of a rubber disc (gunmetal disc on the hot- 
water pump), a valve guard, guide and a spring. All the springs 
should be of equal strength, so compare them with one another and 
replace those which are weak. Clean the plate and valves carefully 
before replacing them. Both sides of the valve plate are alike, so 
it does not matter on which side the valves come so long as they 
are placed opposite as shown, the two outlets being on the top when 
re-assembling. If gunmetal valves are fitted it is as well to mark 
each one before removal as it is better that they are returned to their 
original places in case the seat is worn. 
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The gland is important. It consists of a stuffing-box, which 
screws into the pump body casing, a gland nut and, between 
them, the packing. This packing is a three-spiral strip of special 
material, and it should be inserted in the stuffing-box carefully 
and then compressed with the gland nut. Glands should never 
be too tight, for although their object is to act as a water 
seal, a certain amount of water should be permitted to seep through 
to lubricate the ram. The spiral packing can be replaced at any 
time without taking out the rod. 

After assembling the machine carefully, pour oil into the crankcase 
filler until it will hold no more. It is likely that the pump will need 
priming after overhaul, so leave the fitting of the valve plate and 
air chamber until the end, then pour some water into the valve 
chamber, fit the plate and air chamber, secure them, and then start 
up. The gland nut can be adjusted after the machine has run for a 
few minutes. Remember that the suction pipe must be absolutely 
free from air leaks or the pump will not work properly. 
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BELT TRANSMISSIONS 


ELTING can be a useful, trouble-free and safe means of trans- 

mission; it can also be time-wasting and even dangerous. 
Trouble starts from the common belief that a belt drive is an old 
fashioned appliance which requires no care or attention, but once 
it is realized that a belt is really an intricate piece of mechanism it 
will be treated with the respect it deserves. ; 

Highest efficiency in belt transmission is obtained by using a belt 
that is as inelastic as possible, and for agricultural purposes the 
balata belt is to be recommended. Canvas belts not treated with 
balata gum or with rubber are affected by moisture, and should 
be used only for occasional indoor work. Leather belts are favoured 
by many, but they are more expensive and susceptible to wet or to 
damp conditions. They are not so strong as the woven cotton belt, 


as the following table shows :— 
; Tensile strength _ 


er sq. in. .. 
Leather (oak-tanned) ... BS .. 3,000 - 4,000 
Leather (mineral tanned) ws .. 4,000 — 7,000 
Solid woven cotton ns a .. 8,000 -12,000 
Rubber-frictioned ue BG .. 6,000 - 8,000 
Balata Re aS .. 6,500 - 9,000 


Textile belts, when worn smooth, can be restored by an occasional 
dressing of castor oil, and this oil should also be applied if the pulley 
is polished brightly, indicating some slip. But a belt will not slip 
if it is tensioned correctly, and the application of powdered resin 
or other so-called restorers invariably creates belt strain by imposing 
a temporary but heavy overload. Oil is particularly harmful to 
balata and cotton belts, as it tends to separate the plies. 

When fitting a new belt ascertain the length of the drive by passing 
a steel tape or a piece of strong cord round the pulleys. Cut the 
belt toa length 1 per cent. less than that of the drive. In many cases 
the right length of belt can be ordered and made up as an endless 
belt. After a few days’ running the belt will stretch, and unless 
the distance between the pulleys can be altered, cut out + per cent. 
of the belt length. If the belt is a long one, its own weight adds 
materially to the tension, so the above percentages can be halved 
in such cases. As to thickness, the general rule is to run not more 
than 1 mm..of thickness for every inch of pulley diameter. 

The following formula is useful in calculating belt lengths :— 

Let R be the radius of the larger pulley, and r the radius of the 
smaller pulley, d the distance between their centres, and let S= 
R—r for a straight belt, and S=R-+r for a crossed belt. 
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Then, if S is small compared with d, the length of belt is given by :— 
22 ae 
2d+F(Ro) +e 


If S is not small compared with d, the formula becomes more com- 
plicated, and it is better to use a tape measure, unless you like 
mathematics. The above formula does not take into account the 
1 per cent. deducted when cutting the belt. 


» 


Belt Slip Belt Drive Faults 


This can be caused by the belt’s being too slack, too smooth, or 
moist from water or oil. Remedies for these have already been 
given, but if the belt still slips, it is possible that the power is too 
great for the belt, and a wider or thicker belt should be used. 

A flapping or surging belt is either badly made, poorly fastened, 
too light for the load, or too long and in need of a jockey pulley. 
Unevenly faced pulleys or pulleys which do not run true are also 
causes of surging. Pulleys should not be flat but slightly convex 
on the face, particularly for high-speed work. This construction 
helps to keep the belt on the pulley by centrifugal force. On 
the other hand, if the pulley is given too much crown, there will 
be poor contact between it and the belt. A correct crown measures 
3/32 in. at the centre for every foot of pulley width. 


Uneven Travel 
This can also be traced to faulty pulleys, but is more likely to be 
due to badly fitting fasteners. 


Falling Off 
This is the final result of continued belt slip or to overload. Mis- 
aligned pulleys will reject a belt as fast as it is replaced. 


Breakage 

A worn-out belt, especially of the size used for threshing, con- 
stitutes a real danger to workers, and should be replaced before 
breakage occurs. Pressing on a belt with a fork handle and throwing 
dirt or cavings on to pulleys in order to make a belt grip mean 
only one thing—the destruction of the belt. If a belt fractures 
behind the joint, it indicates too large a fastener for the pulley. 


Fastening Belts 

The nature of a balata belt makes it specially suited to metal 
fasteners, of which there are three main types. The simplest is 
the flexible steel “ Alligator,” but when fitting it, the angle of the 
teeth should not be altered. Fasteners with projections are 
dangerous and also unnecessary. Drives with jockey pulleys or 
guide pulleys are best served with hinged fasteners. 

Wherever possible, the simplest forms of drive should be 
employed because the addition of guide pulleys and flanges increases 
belt wear. Figs. 108 and 109 are the best drives. 
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Fig. 108. 


Note that with slack section of belt as in Fig. 109, an arc of 
greater contact is obtained than as in Fig. 108. 


Driven 


uA 
=< Driver 


Fig. 109. 
Guides 


Fig. 111. 


Driven 


Fig. 112. 
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Guide pulleys and jockeys have to be used where the shafts’ 
axes are inclined to one another, as sometimes is the case where a 
pulley on a threshing engine drives the straw elevator or where the 
latter is driven by a portable engine. Guides are often awkward 
to adjust, especially when engine and driver pulley are on rough 
ground, and for this reason a strong argument can be advanced in 
favour of elevators with built-in engines, allowing for a simple, 
open drive between the pulleys. 

Increased efficiency can be obtained by a flat-faced tension, or 
jockey, pulley when a large pulley is used to drive a small one close 
to it and the arc of contact is thereby too small to give efficient 
transmission. The tension pulley is mounted on the slack side of 
the belt and increases arc of contact ABC, as in Fig. 111. It is seldom 
necessary in farm work to have a drive between shafts with axles 
at right angles, but where this arrangement cannot be altered the 
driver pulley must be aligned with the driven pulley so that the 
middle part of the belt as it leaves one pulley is in the central plane 
of the other (Fig. 112). 

A crossed drive will turn the driven pulley in the opposite direc- 
tion to the driver and imposes a greater strain on a belt than an open 
drive. Thick, narrow belts are the best for running crossed, 
although for high efficiency in open drives belts should be as thin 
and wide as possible. : 


Efficiency 

On a driver pulley the belt is constantly slipping from a tense into 
a slack state and vice versa on a driven pulley. This “ creep,” as it 
is called, will in time cause a smoothness of both belt and pulleys 
which decreases frictional grip. This can be counteracted by belt 
dressing, which should not be used liberally, for the reasons already 

iven. 
: Loss of power, apart from creep, is due to various forms of friction, 
including the adhesion between pulleys and belts which cannot be 
avoided if the drive is to function at all. Bearing friction, due 
to the tightness of the belt, has been decreased by modern engineer- 
ing methods, and the efficiency of properly applied and adjusted belts 
is very high. Belt slip, while another source of power wastage, 
is not entirely a disadvantage if viewed as a safety valve. For 
example, a sudden increase in load or a jamming of the machinery it 
is driving will cause a belt to slip or fall off, thus stopping mechanism 
which might have been seriously damaged if forced to keep moving 
longer by a more rigid means of transmission. 


.. 
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COMPRESSED AIR ON FARMS 


Te use of compressed air is growing in many industries, for it 
is an extremely flexible means of power and one which, more- 
over, can be stored. Its value for crop and fruit-tree spraying is 
well known, and when one realizes how great are the uses of com- 
pressed air, there will be many more plants used on farms. Below 
are a few jobs which can be done with air, together with the number 


of cubic feet required for each :— 
Cubic ft. 


per min. 
Radiator testing 
Tyre inflation .. Rg as 1 
Spark plug cleaning and testing 1 
Valve grinding .. oe ao 2 
High-pressure lubricatio - ote 2 
Welding and brazing .. ae “if Ae 4 
Engine cleaning .. os a aa an 4 
Vacuum cleaning a ns a i 4 
Spring spraying (for motor vehicles) .. ie 45 


Spray painting 4-7 
Vehicle washing .. 5 
Riveting .. Ee 10-12 
Tin-plate shearing aA 10-12 
Hammering ae BC no 10-12 
Tool grinding .. ve as a .. 10-12 

In addition to these, an air compressor can be used for protecting 


opens and the cylinder is filled. On the rise of the piston, the air 
is compressed and lifts the discharge valve from its seating, but if 
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a storage tank or to a tyre, the 
e above that in the tank before 
hus when starting from scratch 
ases as it encounters resistance. 


the compressor is connected to 
Pressure in the cylinder has to ris 
the discharge valve will open. T 
the pressure is very small, but incre 


Fig. 113. One the smallest types of tractor-driven air pumps, the ‘‘Genimec’’ is 

mounted on the tractor cylinder block and is belt driven from an additional pulley 

on the fan spindle. It can inflate a 900 x 36 tyre in |4 minutes or can be used for 
paint spraying, spark-plug cleaning, etc. 
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As was seen in the chapter on Diesel engines, air that is compressed 
becomes hot—the temperature rising with the degree of compression 
—so the compressor cylinder has to be cooled, either with water 
or by an air draught such as is found in many industrial-type petrol 
engines, although ducting is not generally used. 

All compressors have an air filter, which should be periodically 
cleaned. The filters are simple affairs, consisting usually of a wire- 
mesh container packed with a loosely woven fabric which may be 
washed in water when dirty. Petrol or paraffin should never be 


used as serious trouble may result if the filter is in any way damp 
from either liquid. 


Fig. 114. Another tractor-mounted compressor this ‘ Tractair’’ two-stage 
machine is driven from the tractor p.t.o. At a normal working pressure 
of 80 Ib. per sq. in., the output is 70 cubic ft. per min. 


A certain amount of oil always finds its way past the piston rings 
into the compressor cylinder, and the heat of compression results 
in the formation of carbon just as in any internal-combustion engine, 
but toa much lesser degree. It is therefore necessary at intervals— 
say 12 months—to remove this deposit from both the cylinder head 
and the piston crown and to clean and reface the valves. 

Compressors are made in a wide variety of sizes, and some have 
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two or more cylinders. In most of these it will be noticed that 
One cylinder is considerably larger than the other, and this denotes 
two-stage compression. The air is first compressed in the larger 
cylinder and then transferred to the smaller one which compresses 
it still further. But the majority of the compressors needed for 
farm work are of the single-stage type, requiring one cylinder 
Only. Those for larger outputs may have two cylinders, but this is 
Merely to give smoother running. 

Storage tanks are used to provide a supply of air which can be 
drawn upon when the compressor is not running. They also serve to 
Sool the air, and are used as a means of damping the impulses of air 
from the compressor itself. If no storage tank were used the air 
Would come to the various appliances in the: form of a series of 
Strong pulsations, and, although this is of no consequence when 
inflating tyres, it is unsuitable for the operation of air-driven tools 
and for spray work. A further advantage of the storage tank is 
that it enables a smaller compressor to be used. For example, 


Fig. 115. The most useful type of compressor for average farm use. This 

B.E.N. ‘P5’ model is portable, powered by its own I h.p. petrol engine and, 

with an output of 5 cubic ft. per min. at a working pressure of 10-60 Ib. per 

sq. in., capable of paint spraying, tyre inflation and the operation of small 
pneumatic workshop tools. 


a spray gun takes from 4-7 cubic ft. of air per min., and a brazing 
hearth 4 ft. It would not be necessary to have a compressor with 
an output of 11 cubic ft. per min., nor even 8, because it would 
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be seldom that both appliances are in use at the same time. A 
compressor delivering 4 cubic ft. would be sufficiently large to 
operate a spray gun, because in practice this is never on fully all the 
time the compressor is running. Assuming that the gun uses 7 ft., 
a 4-ft. compressor and an air receiver would be suitable for all 
general purposes. 

Because the air which leaves the compressor contains a small but 


‘definite amount of oil, the air receiver must be fitted with a drain 


cock and drained at intervals. Condensation, too, takes place and 
both oil and water will eventually reduce the capacity of the 
receiver. But the chief reason for fitting a drain tap is that com- 
Pressed air and oil forms a highly explosive mixture. More than 
one garage proprietor has had his storage tank explode through 
neglect to drain it regularly. 

Air compressors should always be firmly fixed to a solid base, and 
if the installation is for permanent use in a building, see that the 
plant is placed close to a wall so that the air intake pipe is kept as 
short as possible. If, however, a long intake cannot be avoided, the 
Pipe should be increased in size to allow for the resistance of the 
air flow. An air filter must be used, and it is best at the intake 
pipe end rather than between the pipe and the compressor, as this 
saves the trouble of dismantling the air line to clean the filter. 
Protect the filter from the weather by erecting a hood over it. 

The delivery pipe from the compressor to the storage tank should 
slope slightly towards the tank to prevent moisture draining back to 
the compressor. Air lines leading from the tank to various points 
around the building should also slope towards the tank, particularly 
if air-operated tools are used. 4 

Not all appliances and services need the same pressure of air, and 
in any case a storage tank is usually “ inflated ” to a much higher 
pressure than that generally used so that a pressure-reducing valve 
is practically a necessity in most installations. If, for example, the 
storage tank contained air at 100 Ib. pressure, and the full blast were 
turned into a forge, it would blow the fire all over the building. 
A reducing valve is simply a needle-type valve similar to that on 
many carburetter main jets. The air passes through the valve into 
a small cylinder that is fitted with a pressure gauge so that the exact 
Pressure required is obtained. 

Beyond keeping the compressor lubricated and the storage 
tank drained at intervals, a compressor needs very little attention. 
After a time, however, carbon will form on the piston head, inside 
the cylinder head, and round the valves, but its removal is a simple 
matter. Valves are more delicate than those on an internal-com- 
bustion engine, and need careful handling. They seldom need 
grinding in, and when they do this is usually confined to the applica- 
tion of a very fine abrasive such as metal polish. The main thing to 
watch when replacing compressor valves is to see that every part 
is perfectly clean and that the valve springs are correctly positioned. 
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ELECTRICITY ON THE FARM 


Mains Supply 


ee miciry has been long in coming to the farmer, and whether 
supplied from outside sources or generated on the farm, it 
means that the farm mechanic will be called upon to service such 
things as motors, generators, lighting installations and so on. In 
view of the fact that electricity is a subject with which few country 
folk are acquainted, a general explanation of it will prove of value. 
If the information at the beginning of this chapter appears to be 
elementary to some readers, it is hoped that they will appreciate 
that others come to the subject with no previous knowledge. 

When an electric battery torch is switched on, current flows 
from the battery through “ conductors” which may consist of a 
metal strip, the metal case of the torch, or a piece of wire. The 
current passes through the bulb and back to the battery, and unless 
there is this complete circle or “ circuit,” there will be no light. 
In a mains supply, large generators at a power station some miles 
away take the place of the battery. 

Now electricity is a force which can be driven along conductors 
in much the same way as water is pumped through a pipe. In its 
passage through the conductor, the electricity meets with some 
resistance, and if this is great and the pressure of electricity sufficient, 
che conductor becomes heated. In an electric fire, for example, 
the wire coil offers a fair amount of resistance, and so we get the 
red glow and the heat. The filament in an electric light bulb offers 
much more resistance, and it reaches the white heat of incandescence, 
so providing the illumination required. 

In all house-lighting circuits, and indeed in all mains electrical 
circuits, a device called a fuse is fitted, and its object is to Prevent the 
wiring from overheating to such an extent that the insulation burns 
off and there is a danger of fire. A fuse is simply a Piece of wire 
which has a low melting-point, so if anything occurs to heat up the 
wiring system, the fuse melts long before the danger-point is reached. 
As the fuse carries the current, this ceases to flow when the metal 
melts. 

The words “pressure” and “current” have been used, and 
reference has been made to water pressure. In some houses, the 
pressure of the water at the kitchen tap may depend on one of two 
things ; it may be due to gravity, or to the power of the pumps at 
the water company’s pumphouse. In either case the pressure is 
measurable in pounds per square inch, but electrical Pressure is 
measured by “ voltage.” One volt is the unit of electrical pressure, 
and sometimes it is called the “ potential difference.” 


‘ 
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When water is pumped through a pipe, the quantity which flows 
is generally reckoned in gallons—which means the number of gallons 
which flow in one minute. The term used by electricians to denote 
quantity is the ““ Ampere.” One can have a high pressure of elec- 
tricity, but the amount which flows may be low. In a magneto, 
for example, the pressure of the current which jumps across the 
sparking-plug gap may be 10,000 volts or more, but the amount, or 
amperage, is extremely small. That is why such a current will 
not harm anyone, although it gives them a shock. On the other 
hand, a current with a voltage of 230 but an amperage of less than 
half might be sufficient to cause death. It is, therefore, not the 
voltage which causes the damage, but the amount of resistance 
offered by the body. The term used to denote resistance is called 
“Ohm,” and the resistance offered by a human body might be as 
much as 50,000 ohms. Nowifaperson with that amount of resistance 
has an electrical current at 500 volts pressure put through him, he 
would certainly feel it, although it might not harm him. But if his 
hands were wet this resistance would be considerably lowered 
(because water is a good conductor of electricity), so that the bodily 
resistance might drop to 5,000 ohms. This would mean that the 
actual quantity (i.c., amperage) of current would be one-tenth, 
and this might well prove serious. It is always wise to play for 
safety and to switch off mains currént before attempting to effect a 
repair. 

Just as a tank or a pipe will withstand so much pressure before 
it bursts, so will electrical machinery. If a lamp designed for a 
pressure of 110 volts is put into a 230-volt circuit, the filament gets 
more pressure than it can properly withstand, and either the fila- 
ment melts immediately or the lamp will give a brilliant light for 
perhaps a few minutes (or at the most a couple of hours) and then 
break. On the other hand, if a 230-volt lamp is put into a 110-volt 
circuit, the filament will not attain its full brilliance and the light 
will be poor. Of course, the filament would last indefinitely in 
these circumstances. The same principle operates when an electric 
motor is put on the wrong voltage, for either the coils of wire will 
overheat and “burn out ’—this meaning that the insulation will 
char and the coil be rendered useless—or the motor will turn 
slowly but be incapable of doing the work for which it was designed. 

Before going into the question of maintenance work, something 
must be said about the supply. The current from a battery always 
flows in one direction, and is known as direct current (D.C.). Many 
generators, too, are D.C., but the public supply is, almost without 
exception, alternating current, or A.C. House lights, electric fires 
and many small motors operate equally well on either current, 
but it is necessary to explain here the difference between these 
two types of current, because many appliances will run on one but 
not on the other. 

An alternating current is one which reverses its direction and 
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passes along the conductor first in one way and then in the other, 
this change usually taking place 50 times every second. Under the 
National Grid system there are comparatively few power stations, 
but each has an enormous output. This is cheaper than having 
a larger number of smaller stations. . 

When it is desired to convey electrical energy over a long distance 
one of the problems involved is that of reducing to the minimum 
the waste and loss during transmission. Large quantities of direct 
current need thick copper cables, and these are expensive to buy 
and costly to install. Small wires, on the other hand, result in 
considerable loss due to their resistance and the dissipation of the 
heat thus generated. Owing to the demand for current, the 
alternating current supply system was used for this requires but 
thin wire. 

Current is generated at the power station and ‘‘stepped-up” to 
a very high voltage—132,000—but is of no use to the farmer or to, 
the townsman, so by means of transformers it is reduced 
to 400 volts. With alternating current, lighting is generally 
at a pressure of 230 volts, and the larger type of motors at 400 volts. 
This current is generated as “ three-phase A.C. at 50 cycles per 
second,” and at an initial voltage of 11,000. This, as we have already 
seen, is stepped up to 132,000 volts for transmission purposes. 
Alternating current may, however, be sent out as “ single-phase ”” 
as well as three-phase, and in single-phase there is but one wave of 
current, but in three-phase three separate surges are sent out one 
after another, and all in the same direction. Under this arrangement 
a wiring system is provided giving 230 volts when two lines are 
connected, and 400 volts when another line is used. 


Generating Electricity on the Farm 


There are several methods by which electricity may be generated 
on the farm, and the type of plant selected depends partly upon 
local conditions, partly upon the amount of electrical power required, 
and sometimes upon the amount of money available. Of the plants 
which can be used we have: (1) An internal-combustion engine 
(petrol, paraffin or Diesel) coupled to a dynamo, which charges 
Storage batteries; (2) an automatic set (again either petrol or 
Diesel), in which pressing any of the lighting or power switches 
starts up the engine and switching off the last lamp shuts down the 
plant ; and (3) a wind-driven dynamo which charges batteries as in 
No. 1; and (4) hydraulically operated dynamo, which can either 
provide direct light and power or can charge batteries. No. 2 
has only the batteries needed for starting purposes. 

The first type of installation is common enough, and the mainten- 
ance of engines and dynamos has already been dealt with elsewhere 
in this book. The batteries, however, deserve special mention, 
for although they are simple enough in themselves, they do need 
regular attention. Whatever type; batteries consist of one or more 
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cells, each of which is capable of holding approximately 2 volts 
Pressure of electricity. The number of cells coupled together 
depends upon the ultimate voltage required, for a 6-volt battery 
has three cells, and for 110 volts 55 cells are needed. 


Fig. 116. Lister Diesel engine generating plant. 


‘Each cell consists of an acid-proof container, in which is an electro- 
lyte (a solution of sulphuric acid and distilled water) and one or 
more pairs of lead plates. There is no need to discuss here the 
chemical change which takes place when a battery is charged or is 
discharging, but the net result of a charge is that each cell contains 
2 volts pressure of electrical energy. The quantity of energy, 
however, depends upon the surface area of the lead plates, and that 
is‘why engine-starter batteries have several sets of plates, for they 
combine to give a good deal of current for turning over an engine. 

Battery care simply consists of keeping the electrolyte level just 
above the top of the plates, and this is done by adding distilled 
water only. Rain water may be used so long as it is clean and has 
not been collected in an iron tank. The battery terminals, too, 
need attention, for they should be protected from corrosion by 
smearing them with vaseline. 
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Several manufacturers market automatic plants, and where an 
electrical supply is needed for household use, such machines are 
useful because one does not have to start the engine up every time 
a light is needed. These plants have only one small battery that is 
used for starting, for the current for light and power is drawn direct 
from the dynamo. Maintenance is simple as far as the engine and 
the dynamo is concerned, but a really sound knowledge of electricity 
is needed to adjust the electrical switch gearing in the event of its 
failure. Because automatic plants are self-starting, they must either 
run on petrol or be fitted with Diesel engines. The latter is, of 
course, cheaper to operate, but it is rather costly to buy. Both 
eA ed are available in models which have a capacity of from 800 
es little under a unit) to 10 kilowatts or more, and by using 
uh ae gearing two or more plants can be linked up so that 
ote e load becomes too great for a single plant, the second 

Starts up and supports it. 
Wind - driven generators 
are usually of small size un- 
less the site is well up on a 
DYBAHC. hillside. The dynamo is 
often mounted on the top 
of a steel tower, and the 
dynamo shaft carries a large- 
diameter wind wheel or 
propeller. For lighting the 
outbuildings of a farm such 
appliances are valuable be- 
cause they cost practically 
nothing to operate. So long 
as the dynamo bearings are 
lubricated and the battery 
acid level checked at inter- 
vals, no further attention is 
required. The whole 
apparatus can be made from 
odd scraps of metal and a car 
dynamo. The only “gadget” 
necessary to fit is an automa- 
tic cut-out to prevent the 
{ battery current passing back 
iy ee dynamo when no 

Fig. 117. . ae gee wind is blowing. This cut-out 

diver Pease aliens ova 1 described In the ‘tractor 

dynamo directly coupled to a twin-bladed ighting section. 
propeller mounted on a mast. Regarding the installation 

‘ of water turbines, it may be 
of interest to point out that specialist firms of turbine manufacturers 
are thoroughly familiar with most of the rivers and streams in Britain. 


7 


ELECTRICITY ON THE FARM 179 


Local water-power schemes are—with certain exceptions—auxiliaries 
to oil-engine power, and can be exploited to the utmost where 
favourable conditions exist. 


Fig. 118. A Pelton wheel impulse turbine with cover lifted to 
show the shape of the buckets. A circular jet of water strikes 
these buckets causing the wheel to rotate and transmit power. 


Nevertheless, water turbines are cheaper than engines, although 
this is offset by the cost of the civil engineering works which may 
be necessary. In a few cases there may be sufficient water available 
all the year round for the operation of a small or moderate-sized 
turbine without a dam. More generally, seasonal drying up or 
reduced flow will mean a power shortage in summer. But even 
this can be overcome. A water turbine can be installed in 
conjunction with an existing or projected oil-engine set, the latter 
operating in summer and both sharing the heavier winter load. In 
this way various local power sources may gradually be exploited 
and arranged to help each other when circumstances demand it. 

There are two main types of water turbines: (1) Reaction 
turbines suitable for low and medium falls, up to, say, 300 ft. 
(although more can be accommodated) ; and (2) impulse turbines of 
the Pelton Wheel type, suitable for falls of 100 ft. and more and for 
use with advantage on falls as low as 30 ft., if a small amount of 
power is required. 
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Fault-finding in Electrical Installations 

Turning now to electrical fault-finding, it is, in theory at any rate, 
quite simple, because it merely means locating a break in the circuit. 
The trouble lies in finding the exact spot, and the only way to do 
this is to proceed with a definite order of tests. One must remember 
that a break in a circuit does not necessarily mean a broken wire, 
for dirt and corrosion and a loose terminal or joint will have the 
same effect. 

Because there is such an enormous number of different electrical 
circuits, it is not possible to go into testing methods completely. 
It is not, as a rule, difficult to trace a fault, even if one has little or 
no testing apparatus. 

One illustration of the method will suffice as a guide, and we will 
suppose that the switching on of a lamp in a house-wiring system 
produces no light. The fault may be due to a mains supply failure ; 
so if other lamps in different parts of the house are switched on, one 
soon finds out. Assuming that the mains supply is all right, the 
best thing to do is to check back along the defective circuit, 
beginning at the lamp. 

Insert another lamp which is known to be good, and switch on 
again. If this lamp does not light, inspect the fuse. If this is sound, 
then the fault lies either between the main switchboard and the 
fuse, or between the switch and the lamp, and this includes the 


Fig. 119. A test lamp with leads for checking electrical faults. 


wire to the ceiling rose from the switch; the wire from the 
rose to the lampholder, and, of course, the lampholder and switch. 
One very useful piece of test apparatus is a lamp and holder and a 
length of twin flex such as is shown in Fig. 119. It is desirable to 
have some form of handle for each of the wires, and these can be 
made by placing a strip of wood about 6 ins. long against each wire, 
leaving half an inch or so of bare wire projecting. Bind the wood to 
the wire with insulating tape. 

Such a tester can be used to find if the current is reaching any 
section of the installation. For instance, should the fuse be sound, 
touch the mains side of the fuse terminals with the test prongs, 
taking care not to short the circuit. If the lamp lights, then the 
current is reaching the fuse. Check the other side of the fuse with 
the lamp in case there is a break in the fuse wire which cannot be 
seen. If this lights, then the fault must lie between the fuse and 
the lamp. The lamp has already been tested, because this is the 
most likely cause of trouble, and as such should be the first to be 
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looked at. The tester is next taken to the ceiling rose. If the 
tests are made in this manner, it is not long before the actual section 
of wire that is at fault is discovered. 

There are instruments which enable one to locate the actual spot 
in the wiring, but it is unlikely that the farmer will have one of 
them. When a break is discovered switch off the mains before 
attempting to effect a repair, otherwise trouble will arise. Do not 
merely twist wires together, but clean and solder them binding the 
join with insulating tape after removing any surplus flux. Loose 
connections should be cleaned before being tightened. 

A most useful testing device which has great adaptability is the 
Runbaken Testoscope. It costs but a few shillings, but it is almost 
indispensable where electrical apparatus is used. The Testoscope 
will test sparking plugs, magnetos, dynamos, motors, electric 
wiring and even radio sets. 
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xX XII 


STORAGE OF COMBINE HARVESTERS 


Geo storage and repairs carried out at the proper time are 
indispensable to the owner of a combine harvester. Repairs 
should be carried out at once after a machine has finished its season’s 
work when the operator will know what small defects have developed, 
and if all the spare parts required are not obtainable straight away, 
the agent will have plenty of time to obtain them before the machine 
is wanted again. 

When preparing the machine for storage, it should be run until 
all grain and dust are out of it. Next remove all bolts and chains, 
hang belts preferably in a cool, dark place, and immerse chains 
(after examination for worn links that may need renewing) in a bucket 
of oil. Then remove the canvases and have any necessary 
repairs done. Treat the straps with harness oil to keep them soft 
and pliable, and put a little oil on the buckles to prevent rusting. 
Hang the canvases in a dry place out of reach of vermin. 

Disconnect the pitman (connecting-rod), and check it for wear 
in the bearings. Withdraw the knife and look for wear in the eye 
and for loose or worn sections or damaged ledger plates. Removal 
of the reel assembly is optional, but arms and beaters often need 
replacing or repair after a season’s work. Elevator chains are easy 
to inspect and repair when removed, but should not be put in oil. 
The danger of corn growing at the bottom of the elevator casings and 
damaging the sheet metal is easily prevented by leaving the inspection 
covers off. 

After removing any short pieces of straw which may have accumu- 
lated in the shakers and thoroughly cleaning the sieves (taking them 
out if necessary), the beaters, where the largest accumulation of dirt 
is usually found, should be cleaned. Then the machine should be 
washed down outside, using paraffin and a brush where necessary 
to remove grease, and all dust swept from the inside. The combine 
is now ready to inspect, and, being washed, its faults and defects 
are easier to locate. 


Wear on Bearings 


Each shaft may now be turned independently to test for wear on 
bearings or sideplay. Sideplay on shafts is often caused by wear: 
on those which carry jockeys for tightening belts and chains most 
wear is found in the bush. All nuts need to be checked and tightened 
if necessary. Particular attention should be given to of races and 
roller bearings, the seals of which must be in good condition if they 
are to prevent dust from entering the bearings. Undue wear is 
often caused on rollers and their bearings by the canvases being run 
too tight. Augers often need slight welding repairs, and cannot be 
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properly inspected unless removed. All pulleys and sprocket, 
should be firm on their shafts. Shaker bearings need little attention 
but should be inspected before storage. 

Perhaps the most important parts of the combine harvester are 
the beaters and concave. Unless they are in good condition, 
good threshing is impossible, and grain will be left in the straw. 
Combines which have done a few seasons’ work need patticular 
attention at this point, as much wear may have taken place. No 
specified period can be given as to when repairs and replacements 
will be needed, as everything depends on working conditions. 
Severe damage may occur in a single season if stones or other hard 
objects pass through the machine, as often happens when using a 
pick-up. Beater plates can usually be fitted quite easily without 
removing the drum, but the balance should be checked afterwards. 
For repairs to the concave, the latter must be taken out of the 
machine. 

Concaves vary in type, and the agent is the best man to carry out 
repairs. Solid-bar types can be planed and rewired. Inspect your 
concave and beaters each year, and if in doubt, ask the advice of an 
expert. The cost of regular maintenance or repairs to these parts 
will be more than repaid by the extra grain and in ease of threshing. 


Precautions Against Corrosion 


Many of the early combines were made of rustless sheeting and 
were not damaged by bad weather. Most machines are now of a 
different material which is painted. When the paint wears off 
either inside or outside rust will form quickly, especially when the 
machine is idle. In time rust will eat through the sheeting and 
make holes which can cause much lost grain when threshing. A 
coat of good-quality anti-corrosive paint is the best preventive, 
and should .be put on before storing the machine. When repairs 
have been carried out bright parts should be given a covering with 
thick grease or rust preventive. 

In self-propelled combines or trailer types with a mounted engine, 
the engine calls for special attention. Much depends on the amount 
of work it has done and the working conditions as to whether it 
needs decarbonizing or possibly a major overhaul. In any case, 
several minor jobs will need doing. The air cleaner should be 
totally dismantled, every screen removed and thoroughly washed 
in paraffin and all dust removed from the intake pipe. The radiator 
and cooling system should be drained and the oil drained from the 
engine sump and replenished with new oil. 

After the sparking plugs have been removed, a little oil should 
be poured into each cylinder, after which the engine needs turning 
a few times so as to leave a film of good oil on the cylinder walls to 
prevent rusting. All fuel lines and strainers must be cleaned, and 
if fuel tanks are not emptied, filling to within half an inch of the 
top will prevent condensation. 
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The magneto needs special care, and is best removed and stored 
in a warm place. If left on the engine it should at least be covered 
with some dry sacking and waterproof covering. The battery 
(on engines with self-starters and coil ignition) should be removed 
and taken to a service station to be emptied: the plates would 
be damaged in a battery standing idle a long time. 

The next problem on many farms is to find a shed big enough to 
accommodate the combine, for even a small machine needs quite a 
lot of room. Ifa shed is not high enough, this difficulty can often be 
overcome by removing grain tanks and elevators. If the opening to 
the shed is not wide enough, taking off the cutterbar may be the 
answer. A shed can be built very cheaply with baled straw, and this 
avoids robbing the very limited storage space on most farms. In 
any case, put the machine under cover, jack the wheels off the ground 
if fitted with rubber tyres, and cover them with sacks ; this method 
keeps the rubber soft and pliable. Finally, cover with a cloth and 
try not to let fowls roost on the combine for about ten months of 
the year. 


a 


~aaianed 2 


~~ a 


ALIS - CHALMERS 


C6 59 
MODEL ‘B Key To 
NUMBERS ON 
A DIAGRAM 
1. P.T.O. unit (shown 
detached), — incor- 


camshaft. 
(d) Dog-clutch and 
control lever. 


2. Hydraulic ram con- 


3. Implement connec- 
ion. 

4, Standard p.t.o. 

5. Differential brakes 


rh). 
6. Final drive. 

7. Clutch pedal. 

8. Change-gear lever. 


“il li 
Ue 
tll 


KEY—(contd). 


9. L.H. brake pedal. 415. Exhaust. 
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16. Oil-bath air cleaner. 21. Water pump. 

17. Magneto with impulse coupling. 22. Adjustable front axle. 

18. Governor. 23. Radius rods. 

19. Governor control. 24. Hydraulic power lift. 
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Magnetos 

Magneto timing 
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Oil filters 
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Secondary coil (magneto) 
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» HG IANT TYRES 


For speed and ease of inflation, as well as for long life 
and extreme mobility, the Kismet Trolley Compressor 
has no cqual among manually operated air pumps. 

Its double-cylinder (supercharger) action provides twice 
the volume in half the time. 


The connecting rod is carried on substantial_ball-bearings 
. an indication of the Kismet tradition of “ mechanical 
perfection for maximum strength.” 


An ingenious “ heel and toe” movement locks the handle. 
The chassis can then be lifted on to the wheels and run 
easily to the next tyre. 
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For tractor and other heavy duty pneumatics, 
the Kismet “Trolley” will quickly prove it- 
self indispensable on any mechanised farm. 


KISMET 


Cy aipment of character 


WILLIAM TURNER (KISMET) LTD., SHEFFIELD, 1 
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L.O. 
TRACTORS 
LIMITED 


Concessionaires for 
Caterpillar Tractors 
in Scotland 


oN 
COUPAR ANGUS 


Perthshire, Scotland 


Telephone: Coupar Angus 173 (3 lines) 
Telegrams: ELLOTRAK, COUPAR ANGUS. 


Ht 


Dy EBEN provide a comprehensive service for Farmers 
from branches and depots at eleven key points 
throughout the South of England, so that your needs 
can be quickly and efficiently met. 


Whether you want a truck, a tractor, fertilisers or 
modern cowshed equipment, Dibben can help you. 

The scope of their activities is clearly demonstrated 
by the following abbreviated list :— 


Dairy Equipment 
Electrical Equipment 


® Cattle Bowls Fencing, Hurdles, ete. 
@ Cattle Breeding Appliances. Perst a oh a 

@ Corrugated Iron neePee ects 

@ Cow House Equipment Pumes Ss 

e ‘umps 

° 


Sliding Door Gear 
Storage Tanks 
Tractors 

Trucks, Barrows 
Tubes and Fittings 
Implements 


SOUTHAMPTON. Telephone 74091 (PBX) 


Also at—Andover, Boscombe, Bournemouth, Eastleigh, Farnham, 


Newport, I.W., Salisbury, Torquay, Winchester, Worthing. 
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A light alloy cab for 
the Ferguson tractor 
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This cab is built entirely 
of light alloys and weighs 
only 100 Ibs. It is, how- 
ever, strong and rugged 
enough to stand up to the 
hardest wear. It can be fitted 
or removed from the tractor 
within a few minutes, and is 
light enough to be handled 
by one man. When in position 
it does not prevent or hinder 
the opening of the bonnet. 


PRESTWICK AYRSHIRE 
Phone: + Prestwick 7272 * 9 lines 


Agents for Pakistan, Indian Union, Burma 

and Ceylon, Messrs. R. K. Dundas Eastern 
Ltd., Jehangir Buildings, 133, Esplanade Rd., 
Bombay. Cables: Dundeast, Bombay. 
Phone : Bombay 27024/5. 
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AL, new tractor seal- assembly healuring 


armchair comfort that reduces laligue 


and increases —— 
of the operulo: 


WOODHEAD-MONROE LID - KIRKSTALL ROAD, LEEDS, 4 
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BOWER WHEEL ATTACHMENT 


(Patent Number 518805) 


A device for preventing wheel slip which will 
not clog or choke in the worst conditions 


ALWAYS _ IN YET ALWAYS OUT OF 
THE WAY. . THE WAY 
ALWAYS CARRIED LIGHT, PORTABLE 
ASSEMBLED IN 5 MINUTES EASILY WITHDRAWN 
INDISPENSABLE YET ALWAYS AT HAND 


BELTON BROS. & DRURY 


EASTOFT - Near SCUNTHORPE 
TELEPHONE ~- EASTOFT 33/34 (2 LINES) 
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WHATEVER 
THE TRACTOR 


there’s a 


W227 


MAGNETO 
TO FIT IT— Immediate replacements 


Arr — are available from 
UCT OF THE WIPAC GROUP our local Agent. 


WICO-PACY SALES CORPORATION LTD - BLETCHLEY - ENGLAND 
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THE RETURN OF 


Pa FAMOUS MODEL ‘B’ TRACTOR 
is now being produced in England. Not available here 
since 1942 the new British-built Model ‘ B ’ is identical 
with the American model. 


ALLIS: CHALMERS MANUFACTURING CO. 


TOTTON SOUTHAMPTON 
Telephone: TOTTON 3161 Telegraphic Address: “GYRATING, TOTTON"” 


FORCE FEED 


WESCOTT 
EGISTERE! 


OILCANS 


No. 3320 No. 3300 No. 3340 
EIGHTEEN OTHER FORCE FEED OILER MODELS 


WILL OPERATE UNDER ALL CONDITIONS AND 
TEMPERATURES WHERE OIL WILL FLOW 


The Recognised Form of 
OILING 
For All Modern Needs 


A. E. WESTWOOD LIMITED 


WESCO WORKS, HALL GREEN, 
BIRMINGHAM, 28 
SPRingfield 2905 “Wespump, B’ham”’ 
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For | 


FORDSON TRACTORS, 

FORDSON HYDRAULIC LIFTS, 

FORDSON UNIT PLOUGHS, 

TOOLBARS, RIDGERS, ETC., 

FORDSON ELITE PLOUGHS, 

TRAILERS and OTHER FARM 
IMPLEMENTS 


ask— 


One of the oldest and largest 


Tractor Main Dealers in the Country :— 


Knutsford 
Motors Ltd. 


LARGEST STOCK OF SPARE 
PARTS IN THE NORTH 


Also Main Dealers for Ford Cars 
and Commercials. 


KNUTSFORD, Cheshire 


and at 


STOKE-ON-TRENT 


’Phones: 233/234/235 Knutsford  48521/48522 Stoke-on-Trent 
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Artifict® 
¥ ¢¢ Well, I think I have tried every 


make of Artificial Fertiliser Dis- 
tributor worth trying, and until this 
year I have never found one worth house room; 
but, thanks to Tullos. I have got a machine big 
enough to justify a tractor, with excellent distribu- 
————_—————_ tion and which fits any size of drill. It carries 10 cwt. 
in the box, 13 behind on a platform which can be 
filled on the move. Does not leak when stopped or 
filling, easily cleaned, and seems to be strong 
enough to stand the average tractor driver. Prev- 
ious machines I have tried, if with a good dis- 
tribution, would not fit a 27" drill and the outside 
drill either got anextra half dose of manure or half 
of it was missed. With some other machines I 
found that potatoes were often planted in the wheel 
mark instead of the bottom of the drill, but not 
with the Tullos.”’ 


He was referring, of course, to our Tractor Transporter- 
type Manure Distributor, but equally good opinions could 
be—and have been—given about the other TULLOS 
products. These include the Tullos Wilmo and Roller Type 
Manure Distributors, the Tullos Sprayer, Thresher, Stack 
Sheaf Loader, One-wheel Trailer and Power Drive Mower. 
Fully illustrated folders, giving all details of all Tullos 
products, will gladly be sent on request. 


L 
MAKERS OF - ABERD 
SCOT L 


AGRICULTURAL MACHINERY 
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Farm 
Implements 


The Maldon Harrow 


These harrows are very popular and the demand is increasing every 
season. They are constructed in the Zig-Zag form, or diagonal, as 
desired, and in various widths, weights and sizes of teeth to suit light 
or heavy work. We manufacture harrows in large or small units and 
supply complete with whippletree for horse or tractor draft. An all 
steel wheeled draft or transport frame with 8 ft. 6 ins. wheel track is also 
supplied to order. 


The harrows are constructed throughout from high grade materials with 
square standardised double threaded teeth securing the baulks and cross- 
bars and are easily renewable when necessary. 


Maldon Iron Works build a wide range of farm machinery for tractor or 
horse draft, designed by practical engineers who know farmers’ require- 
ments, including: Elevators, Land-rolls, Harrows, Hay and Corn sweeps 
Carts, Trailers, Hoes. 


MALDON IRONWORKS 


LIMITED 
Fullbridge Works 
Maldon Phone 15 Essex 
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POP 


For operating in all 
weathers, fit 
WEATHERSHIELDS’ 
ALL-STEEL UNIT 
and avoid delays. 


With sides, front screen 
and easily detachable doors 
and side-screen, it makes a 
totally enclosed cab. 


Full rear and front vision. 
Does not interfere with 


instant attachment and full 
movement of implements. 


Allows for raising of bonnet 
for access to engine and 
petrol tank. 


Easily fitted and assembled. 


All bolt holes correspond 
Despatched complete —no drilling or welding 
ready for fitting necessary. 


Write NOW for full particulars and prices 


Weathershields, 


MOOR STREET 
BIRMINGHAM 4 


MODERN “ENE. 


AUS tony? STAATFORD,LIS 


FARMS Need [am 
A MODERN FENCE 


The ‘‘Kerry’’ Electric Fencer is designed to 
assist farmers and stockbreeders to secure 
their stocks more effectively at a minimum 
cost. 

This unit embodies many unique features 
which ensures that the ‘Kerry'’ fencing 
unit is the efficient and economic solution 
to all fencing problems. 


Self Starting 

Visual neon working indicator 

Extremely low current consump- 
tion 

Hermetically sealed leakproof coil 

Designed to comply with BSS 1222 


Price £7 10 0 
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“KERRY” ELECTRIC 
FENCE BATTERY 


Specially designed for the “Kerry” 
Electric Fencing Unit having a slow 
rate of discharge. The method of 
re-charging is similar to that of a car battery. Fitted with 
special wing nut terminals for easy connection to the unit. 


Price £4 8 6 


Write for illustrated leaflet describing the 
Electric Fence Unit and Accessories from: 


WARTON ROAD, STRATFORD 


LONDON, E.15. Tel. Maryland 6611 (great aritain) LTD. 
AND. BRANCHES 
Export Address 23-26 ST. DUNSTAN’S HILL E-C:3 
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If Engineers use it—Headland sells it 


ENGINEERS’ 
SUPPLIES 


MACHINE 
TOOLS 


HAND TOOLS 


ae 


SMALL 
STEEL suet 
/THE\ 
GARAGE COMPLETE 
EQUIPMENT 1 it \ AUTOMOTIVE 
SERVICE SUPPLIES 
BUILDERS’ WELDING 
BRASS SUPPLIES 
AGRICULTURAL FOUNDRY AIRCRAFT 
SUPPLIES MATERIALS 


THOS. P. HEADLAND, LTD., 


164-168, WESTMINSTER BRIDGE ROAD, 
LONDON, S.E.I. 


Sole Distributors of : 


Jacey Trash Guards, Trailer Pins, Milk Recording Stands, 
Mower Knife Stands, Newton Hydraulic Tractor Seat 
Units, B.B-C. Dividing Knives. 

Watton Three-in-one Ploughs and Shark Fin Knives. 
Andre Bonded Rubber Tractor Spade Lugs, 

TPH Brand Tractor and Implement Paints, etc. 


With Branches at: 
LEEDS—E XETER—BRIST OL—CARDIFF—NORWICH | 
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FARM POWER 


———_ LIM ED. ee 


AGRICULTURAL, GENERAL AND 
DEVELOPMENT ENGINEERS 


PULBOROUGH, SUSSEX 
Tel. : 183 
* 


Manufacturers of 


FARM TRAILERS 


FOR ALL PURPOSES 
* 


Trailers Made to Individual Requirements 


cqeua BIRTLEY-SILK 


‘ 5 vJugar bee 
\. HARVESTER 


Agricultaral Engineers 
of repute who will 
undertake complere 


servicing and spares) 
provision are invited to) << 
apply for Agencies to be, 
arranged throughoutthe ; 
country. 
The farmers requirements have been 
fully considered. . The Birtley-Silk 


Sugar Beet Harvester ensures 
Economical Harvesting. 


Carefully preserved tops. 
Clean undamaged roots. 
No ruts or furrows in the 
finished field. 


THE BIRTLEY COMPANY LTD 


BIRTLEY CO DURHAM 
; TELEPHONE: BIRTLEY 110-113 3 
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Where 


(MORE THAN ANYWHERE ELSE) 


does machinery get 


rough treatment? 


Where is it used and abused, out-of-doors, in all 
weathers, under conditions which are, frankly, 
unfair to any machine? 

The answer, obviously, is on a farm ; anybody’s 
farm. 

Agricultural machinery, then, needs to be made 
tough enough to withstand the harshest possible 
treatment. Toughness, however, necd not 
necessarily mean bulk or clumsiness. It can be 
achieved by means of efficient bearings to 
absorb friction, and springs to absorb shock. 
Salter Springs and Roller Bearings are made to 
exacting standards of toughness and accuracy. 
Agriculture is but one of the many industries in 
which they are daily aids to increased production. 


SALTER 


Springs €& Roller Bearings 


FOR FARM MECHANISATION 


GEO. SALTER & CO. LTD., WEST BROMWICH 
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GOVERNMENT PUBLICATIONS 


Agriculture 
THE JOURNAL OF THE MINISTRY OF AGRICULTURE 


Topical articles of interest and practical value 
ranging over all aspects of farming by Research 
Workers, Specialists, and Farmers. 


Annual Subscription 6s. Single copies Gd. post free, 


Agricultural Engineering 
Record 


A quarterly bulletin to record the progress of 
developments and experimental work with agri- 
cultural machinery; practical observations on 
mechanized farming; and summaries of the 
official reports on machines tested by the National 
Institute of Agricultural Engineering. 


Annual Subscription 4s. 4d. 
Single copies 1s. (by post 1s. 1d.) 


Farm Machinery in North 


America 


A Report by a Farm Machinery Mission which 
visited the U.S.A. and Canada in 1945. 


Price 6d. By fost Td. 


Obtainable from 


H.M. STATIONERY OFFICE 


York House, Kingsway, LONDON, W.C.2 (Post Orders; P.O. 569, London, S.E.1) ; 

39-41 King Street, MANCHESTER 2; 13a Castle Street, EDINBURGH 2; 

1 St, Andren’s Crescent, CARDIFF; Tower Lane, BRISTOL 1; 80 Chichester 
Street, BELFAST ; or through any bookseller. 
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SPRAYING 


F sa hand dust guns to central mains 
pumping installations and through the 
complete range of portable sprayers 
and dusters tor ground, bush and 
tree crops the world over. 


We specialise and manufacture under 
the name of “ MISTIFIER ” 


DRAKE & FLETCHER 


LIMITED 
MAIDSTONE 


Telephone: Maidstone 2284 
Telegrams: ARMADA, MAIDSTONE 


“RAINBOW” 
CONCRETE 
POROUS PIPES 


FOR LAND DRAINAGE 
AND WATER REMOVAL 


AVAILABLE IN 3’ 
TO 24” DIAMETER 


‘‘Rainbow” Porous Pipes 
show great advantages in 
both efficiency, economy and 
strength over the ordinary 
clay hand-drain tile. 

Send Now for Full Details 


IMMEDIATE DELIVERY FROM STOCK 
of thoroughly seasoned Concrete Pipes 


RAINBOW ROOFING TILE CO. LTD. 
Pollington, Nr. Snaith, Yorks 


Telephone: Snaith 42 
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